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JTCG/AS  COMPUTER-AIDED  DESIGN  WORKSHOP 
DISCUSSION  TOPICS 


At  the  conclusion  of  the  computer-aided  design 
workshop  held  in  Ft.  Worth,  Texas  from  April  6-9,  1981,  a 
roundtable  discussion  was  held.  Both  Government  and 
industry  representatives  participated,  including: 


% 

•*  * 

* 

*  i 


Bob  Ball,  Naval  Postgraduate  School,  Monterey,  CA 
Ken  Bailey,  Systems  Survivability  Branch, 

Naval  Weapons  Center,  China  Lake,  CA 
Richard  Ricci,  Automation  Development  Organization, 
Lockheed,  CA 

Joel  Lindsey,  Defense  Design,  Lockheed,  GA 

Tim  Horton,  JTCG/AS  Center  Office 

Alvars  Ozolins,  Ballistics  Research  Laboratory, 

Aberdeen,  MD 

David  Berry,  Naval  Air  Systems  Command 
John  Hartung,  Grumman  Aerospace 

Bob  Ritter,  Aero  Engineering  Division,  Naval  Air 
Development  Center,  Warminster,  PA 
A1  Vachris,  RAIS  Project  Leader,  Grumman  Aerospace 
John  Aldridge,  JTCG/AS  Central  Office 
Tom  Weir,  Northrop  Aircraft,  CA 
Larry  Kelly,  Flight  Dynamics  Laboratory 
Structural  Division,  WPAFB 
Don  Tuttle,  Lockheed,  CA 

Darrell  Liardon,  Operation  Analysis  Group,  Bell  Helicopter 
Dan  Pierce,  Grumman  Aerospace 

Millard  Mitchell,  Systems  Analysis  Division,  Naval  Air 

Development  Center,  Warminster,  PA 
Joe  Arrighi,  Fairchild-Republic 
Pat  Donnelly,  Boeing  Vertol 

Jerry  Wallick,  AF  Aeronautical  Systems  Division, 

Systems  Engineering,  WPAFB 
Gordon  Launders,  Vought  Corp. 

Paul  Chan,  Vought  Corp. 

Ray  Moonon,  Rockwell/North  American  Aircraft  Division 

Gary  Jackson,  Lockheed,  GA 

David  Watson,  Armament  Systems,  Inc. 

Pat  Cof field,  AFATL/DLYD ,  Eglin  AFB 

Earl  Weaver,  Vulnerability  Analysis  Division,  Ballistics 
Research  Laboratory,  Aberdeen,  MD 
Clarence  Winterrowd,  General  Dynamics,  Ft.  Worth,  TX 


The  following  pages  are  a  summary  of  the  roundtable 
discussion,  as  categorized  by  the  seven  discussion  topics. 
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1.  Near-term  interaction/integration  of  SV  with  CAD/ICAD 

The  workshop  participants  agreed  there  is  a  definite 
near-term  need  for  interaction  and  integration  of  surviv¬ 
ability  (SV)  data  with  computer-aided  design  (CAD)  and 
integrated  CAD  (ICAD)  programs.  A  major  JTCG/AS  objective 
is  to  promote  survivability  as  a  design  discipline  and  its 
integration  into  the  design  process.  The  most  effective 
means  for  doing  this  should  be  to  promote  a  successful 
integration  of  SV  with  CAD  processes.  It  was  felt, 
however,  that  the  survivability  community  needed  to  draw 
the  CAD  community  to  it,  not  the  other  way  around.  The 
Design  Criteria  and  Industry  Interface  (DCII)  subgroup  may 
provide  the  mechanism  for  doing  this. 

The  survivability  community,  however,  needs  to  be 
better  informed  about  CAD/ICAD;  be  trained,  understand  it, 
and  be  able  to  use  it.  Conversely,  designers  employing 
CAD/ICAD  need  a  greater  knowledge  of  SV  before  surviv¬ 
ability  can  become  an  integral  part  of  CAD/ICAD  design 
efforts.  The  ideal  time  for  this  integration  to  occur 
seems  to  be  during  the  conceptual  design  phase.  Basic 
survivability  requirements  are  established  during  the  con¬ 
cept  phase  based  on  preliminary  cost  benefit  analyses. 
Frequently,  this  must  be  done  on  a  very  short  term  basis 
and  the  eventual  achieved  SV  in  the  delivered  system  will 
depend  largely  on  how  well  this  is  done  There  is  no 
effective  way  to  assess  the  value  of  various  combinations 
of  SV  design  features  in  so  short  a  time,  without  the  aid 
of  CAD.  Since  there  are  plans  to  include  SV  modules  in 
most  CAD/ICAD  programs  that  are  on-line  or  are  under 
development,  the  CAD/ICAD  community  will  need  a  means  to 
convert  from  conceptual  geometry  models  to  analytical 
models.  Present  survivability  models,  such  as  FASTGEN, 
are  advanced  design  analysis  tools  and  do  not  lend  them¬ 
selves  to  the  conceptual  design  phase. 

2 .  What  can  JTCG/AS  provide  industry  to  facilitate/ 

expedite  integration? 

CAD  Methodology 

Industry  needs  the  assistance  of  DOD  in  defining  and 
developing  CAD  methods  that  are  compatible  with  SV  assess¬ 
ment  techniques.  Whether  the  method  is  for  conceptual 
studies,  preliminary  design  or  full  scale  development  it 
must  permit  determining  SV  design  features,  evaluating 
their  effectiveness,  and  determining  their  costs  in  terms 
of  weight,  dollars  and  performance.  Considering  SV  in  the 
design  of  each  piece  or  part  will  allow  adding  the  sum  of 
the  parts  to  obtain  a  complete  SV  assessment. 
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It  is  at  the  conceptual  design  phase,  not  preliminary 
design,  that  SV  modules  could  provide  an  initial  SV 
assessment  that  may  prevent  costly  design  changes  later. 
The  trend  is  to  design  first  for  performance  and  consider 
SV  an  add-on.  The  reality  is  that  SV  is  part  of  per¬ 
formance  . 

SV  Design  Requirements 

The  current  trend  is  to  include  SV  in  new  requirements 
documents  so  that  it  will  be  designed  into  the  aircraft 
and  not  added  on  at  a  later  date.  The  A-10  is  an  example 
of  SV  being  included  from  the  beginning. 

The  F-18  and  the  V/STOL  were  cited  as  examples  of 
survivability  add-ons.  The  consensus  was  that  the  CAD/ 
ICAD  community  needs  to  be  educated  on  the  importance  of 
SV,  and  the  emphasis  should  come  from  DOD  as  well  as  the 
JTCG/AS .  If  this  is  done,  then  computer-aided  design  and 
SV  can  be  integrated  sooner. 

Historically,  however,  there  haven't  been  definite  SV 
requirements  in  the  early  stages  of  conceptual  design. 
Conceptual  designers  cooperated  with  operational  analysts 
and  system  analysts,  and  although  survivability  was 
inherent  in  some  designs,  it  only  occasionally  seemed  to 
be  significant  enough  to  affect  the  total  design.  (Excep¬ 
tions  are  the  A-10,  H-60  and  H-64.)  An  airplane  was  eval¬ 
uated  on  such  factors  as  performance,  weight,  and  fuel 
consumption  but  not  on  its  SV  Criteria. 

The  specifications  and  standards  sponsored  by  the 
JTCG/AS  Central  Office  require  SV  in  all  acquisitions  or 
major  MOD  programs.  These  requirements  show  up  in  RFPs  as 
well  as  RFIs  and  detail  specifications.  The  problems  that 
arise  in  complying  with  the  requirements  fall  into  two 
categories:  1)  convincing  industry  that  the  Services  are 

serious  about  survivability  and  2)  integrating  the  classi¬ 
fied  specification  requirements  into  the  guidance  provided 
to  designers. 

In  convincing  industry  that  Government  is  serious 
about  SV,  it  was  suggested  that  documentation  be  more 
specific.  If  SV  is  not  required  through  the  specifica¬ 
tion,  no  one  will  pay  attention  to  it.  If  the  require¬ 
ments  are  too  specific,  however,  they  may  limit  the 
designer  and  possibly  cause  excessive  cost  and  weight 
penalties.  Industry  would  be  more  responsive,  especially 
to  RFPs,  if  financial  incentives  were  added.  If  RFPs/RFIs 
include  extra  rating  points  for  increased  survivability  or 
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if  flyoff  competitions  were  held  more  regularly,  such  as 
in  UTTAS,  it  would  ensure  that  SV  and  CAD  are  included  in 
the  overall  design. 

Becoming  familiar  with  survivability  often  involves  a 
better  understanding  of  the  threat  and  threat  scenarios, 
since  aircraft  design  is  driven  by  the  threat  scenario. 
Consequently,  integrating  SV  with  CAD  will  be  somewhat 
influenced  by  availability  of  classified  data.  This  is 
especially  true  for  requirements  for  radar  cross  section. 
If  the  need-to-know  is  well  established,  however,  the  data 
is  obtainable  in  classified  reports,  especially  those 
distributed  by  JTCG/AS.  It  is  the  responsibility  of  the 
Government  to  ensure  that  documents  referenced  in  RFPs/ 
RFIs  or  in  specifications  are  made  available  to  industry. 
Where  limited  distribution  documents  are  involved  (U.S. 
Government  only-T&E  etc.),  it  is  very  helpful  if  the 
procuring  agency  provides  a  bidders'  package  containing 
all  the  required  documents,  computer  programs,  or 
methodology. 

The  problem  of  communicating  SV  requirements  should  be 
alleviated  soon.  MIL-STD-2069,  Requirements  for  Aircraft 
NonNuclear  Survivability  Program,  is  now  available.  It  is 
a  general  specification  for  use  in  conjunction  with  the 
aircraft  detail  specification  in  tailoring  SV  requirements 
for  each  specific  aircraft.  Aircraft  detail  specifica¬ 
tions,  such  as  the  Army's  MIL-STD-490  style  Prime  Item 
Development  Specifications,  the  Navy's  soon  to  be  pub¬ 
lished  SD24L,  and  the  Air  Force's  forthcoming  MIL-PRIME 
Specs,  all  address  SV  requirements  in  unequivocal  detail. 
Particularly  important  though  is  that  MIL-STD-2069,  on 
which  the  aircraft  detail  specification  is  based,  is  only 
written  after  a  careful  conceptual  phase  has  examined  the 
costs  and  benefits  of  various  levels  of  survivability 
design,  and  "sold"  the  program  to  Service  Chiefs  and  Con¬ 
gress. 

Conceptual  CAD-Gover nment/Industry  Interface  To 

Establish  and  "Sell"  SV  Design 

CAD,  with  SV  analysis  and  cost  benefit  capability, 
will  make  it  possible  to  examine  various  levels  of  SV 
design  of  single  aircraft,  and  various  combinations  of 
proposed  aircraft  of  varying  configurations.  It  will  help 
determine  the  best  way  to  perform  the  service  mission, 
optimized  by  any  combinations  of  specified  parameters 
(e.g.,  performance,  size,  weight,  cost,  mix  of  aircraft, 
etc.).  It  will  permit  doing  this  fairly  accurately, 
within  the  often  extreme  time  limitations  imposed  by  the 
needs  of  Service  Headquarters,  Service  Secretaries,  OSD 
and  Congress.  The  political  and  economic  reality  of  the 
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80' s  will  be  that  only  those  programs  with  credible 
designs  and  credible  cost  predictions  will  be  funded.  For 
SV  features  to  be  included  in  any  new  or  service  life 
extension  design,  CAD  must  be  able  to  show  the  costs  in 
terms  of  weight  and  dollars  and  the  benefit  of  each  SV 
design  requirement. 

3.  Definition  of  a  "common  data  base" 


Government  and  industry  should  define  a  common  data 
base,  which  will  be  very  difficult  because  they  are 
separate,  isolated  groups.  Since  a  three-dimensional  data 
base  seems  to  be  necessary,  this  may  be  accomplished  by 
defining  vulnerable  areas,  by  using  the  geometry  of  basic 
components,  and  through  using  P|</h*  Another  viable  data 
source  would  be  a  library  on  P|</h»  scenarios,  threats, 
components,  engines,  etc.  This  could  help  establish  a 
whole  network  of  capabilities  that  could  blend  to  define 
the  configuration  of  such  items  as  components  and  sys¬ 
tems.  Communicating  the  configuration  without  interpreta¬ 
tion  is  necessary,  which  would  mean  topology. 

Once  SV  is  entered  in  the  conceptual  design  phase, 
then  the  survivability  community  could  establish  a  simple 
model  to  use  in  that  phase.  In  this  manner,  a  simple 
library  could  be  built,  and  the  vulnerability  specialist 
could  move  the  components  around  the  airplane  and  do  the 
analysis.  The  model  could  be  a  simplified  tool  for  con¬ 
ceptual  design  and  cost  analysis,  and  could  provide  inputs 
to  other  more  sophisticated  programs  as  a  long-term  goal 
as  well. 

The  JTCG/AS  bibliography  could  also  be  used  in  setting 
up  a  common  data  base.  By  reformatting  the  indexing  sys¬ 
tem  with  the  subject  codes,  users  could  search  for  data 
items  by  subject  and  not  merely  through  the  report  docu¬ 
mentation  titles. 

4.  who  else  needs  to  be  involved? 


The  aircraft  designer  needs  the  survivability  engineer 
to  tell  him  how  to  arrange  the  components  in  the  airplane 
for  improved  survivability,  whether  it  be  from  ground 
fire,  IR  missiles,  etc.  A  SV  engineer  needs  a  simple 
model  to  assess  the  design  that  the  configurators  come  up 
with.  The  computer  graphics  system  will  help  refine  that 
model  or  tool  so  as  to  differentiate  between  separation 
and  redundancy.  Thus,  the  SV  engineers  can  put  in  any  SV 
features  overlooked  by  the  airplane  designer. 
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Because  propulsion  engineers  have  a  large  investment 
in  CAD,  they  should  be  included  in  future  workshops  and 
meetings. 

5.  How  well  defined  is  the  CAD  community? 

The  computer-aided  design  community  is  fairly  well 
defined.  AIAA  has  a  new  CAD/ICAD  subgroup.  There  are  CAD 
organizations  from  the  university  to  corporate  level.  The 
IEEE  addresses  the  CAD  community  through  its  user's 
group.  The  aircraft  designers,  however,  are  integrated 
with  the  automotive  designers. 

6.  Coordination/standardization/development  objectives 
Coordination 


JTCG/AS  hopes  to  publish  a  security  guide  addressing 
basic  SV  data.  As  an  interim  guide,  the  Navy  Surviv¬ 
ability  Classification  Guide  is  available  through  the 
JTCG/AS  Central  Office.  Essentially,  the  design  require¬ 
ments  and  the  effects  of  munitions  against  airframes  will 
not  be  classified  higher  than  Confidential. 

Better  coordinated  documentation  will  help  the  liaison 
at  the  working  levels  with  the  JTCG's.  This  is  true  in 
vulnerable  areas,  especially  in  vulnerability  assessment 
techniques. 

Standardization  and  Development 

Better  coordination  will  hopefully  lead  to  a  stan¬ 
dardization  of  susceptibility  models,  which  is  needed. 

The  models  should  be  simple,  if  possible,  and  geared  first 
for  use  with  radar  cross  sections,  IR,  countermeasures, 
and  camouflage. 

Because  CAD  can  be  of  help  with  its  inherent  capa¬ 
bility  to  change  ideas  quickly,  JTCG/AS  should  look  at 
developing  more  simplistic  tools.  These  tools  can  be  used 
in  the  conceptual  design  phase.  For  example,  with  a 
library  of  Pfc/h’s  at  CDIC  for  use  in  the  conceptual  and 
preliminary  design  phases,  a  designer  can  do  an  assessment 
and  redo  it  quickly  if  it's  found  to  be  inaccessible  or 
unsuitable.  In  this  manner,  the  designer  can  accomplish 
rapid,  progressive  survivability  assessments  as  they  work 
through  the  conceptual  design.  The  question  remains, 
however,  of  who  should  actually  develop  the  tools  and  the 
formats. 


Future  workshops 


Yes,  future  CAD  workshops  would  be  beneficial, 
although  separate  workshops  for  special  interest  groups 
also  might  be  feasible.  The  next  session  should  address 
threat,  the  CAD/ICAD/CAM  ability  to  address  threat,  and 
the  types  of  damage  caused  by  the  threat.  The  designers 
should  integrate  these  areas  with  any  analysis  that  is 
done  in  order  to  evaluate  the  capabilities  of  the  air¬ 
craft.  JTCG/AS  could  then  publish  the  collective  results 
of  the  analysis. 

If  a  workshop  is  held  again  in  a  year,  possible  loca¬ 
tions  could  be  Wr ight-Patterson  AFB,  OH  where  the  CDIC  is 
located  or  the  Naval  Weapons  Center  in  California. 
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OVERVIEW  OP  CAD  EFFORTS  AT  GRUMMAN 


Alfred  Vachris 
RAVES  Project  Manager 
Grumman  Aerospace 
Bethpage,  New  York 


This  paper  presents  an  outline  of  the  various  CAD 
efforts  that  Grumman  has  evolved  while  buildinq  the  Rapid 
Aerospace  Vehicle  Evaluation  System  (RAVES)  ana  the 
Grumman  Engineering  Manufacturing  System  (GEMS) ,  which 
have  been  developed  during  the  last  10  years.  Current 
efforts  are  to  form  an  integration  system,  which  will 
build  a  bridge  from  preliminary  design  to  engineering  to 
manufacturing.  The  system  will  outline  the  needs  of  vul¬ 
nerability  assessment  and  the  broad-based  requirement  for 
a  total  3D  model  of  aircraft  geometry,  both  internal  and 
external.  To  accomplish  the  development  of  such  a  model 
as  well  as  the  ability  to  store  and  to  use  such  a  model 
will  require  a  very  sophisticated  data  base  management 
capability.  The  paper  concludes  with  a  review  of  various 
modeling  techniques. 
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ALFRED  VACHRIS 
RAVES  PROJECT 
GRUMMAN  AEROSPACE 


ENGINEERING  COMPUTER  SYSTEMS 


CV  -  COMPUTER  VISION 

EIDS  -  END  ITEM  DEFINITION  SYSTEM 

GEMS  -  GRUMMAN  ENGINEERING  MANUFACTURING  SYSTEM 

RAVES  -  RAPID  AEROSPACE  VEHICLE  EVALUATION  SYSTEM 


C6DB  -  CORPORATE  GEOMETRY  DATA  BANK 
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FAIRCHILD  REPUBLIC  COMPANY'S  PRIME  ACTIVITY 
AN  INTEGRATED  APPROACH  TO  CAD  AND  CAM 


Rocco  Ruggiero 
Manager  Analytical  Services 
Fairchild  Republic  Company 
Farmingdale,  New  York 


FAIRCHILD  REPUBLIC  COMPANY'S  PRIME  ACTIVITY: 
AN  INTEGRATED  APPROACH  TO  CAD  AND  CAM 

Rocco  Ruggiero 
Manager  Analytical  Services 
Fairchild  Republic  Company 
Farmingdale,  New  York 


The  Fairchild  Republic  Company,  since  the  early  part 
of  1979,  has  undertaken  a  concentrated  effort  to  automate 
its  engineering  design  process  and  to  completely  integrate 
it  with  manufacturing  operations.  This  effort  is  embodied 
in  its  PRIME  program,  PR  for  Integrating  Manufacturing  and 
Engineering  in  an  interactive  mode.  The  PRIME  program, 
whose  ultimate  objective  is  a  complete  integrated  factor, 
consists  of  an  ICAD  project,  a  CAD/CAM  operation  and  a 
Data  Base  Management  (DBM)  Section.  ICAD  seeks  to  convert 
technical  analysis  application  software  from  batch  mode  to 
interactive  and  to  add  graphic  capability.  This  con¬ 
version  is  paced  to  the  aircraft  design  process  with  the 
first  accomplishments  being  in  the  aircraft  sizing  and 
trade  study  process.  The  modules  comprising  this  process 
are  described.  The  CAD/CAM  operations  include  two  Com- 
putervision  "turnkey"  systems  with  10  work  stations. 

Also,  a  study  of  a  CADAM  alternative  is  underway.  The  DBM 
Section  is  developing  hardware  and  software  for  managing  a 
comprehensive  technical  data  base  which  will  have  at  its 
core  a  geometry  data  base,  retails  of  all  of  this  are 
given  as  well  as  examples  of  various  graphics  develop¬ 
ments:  machining  drawings,  tool  path  control,  FEM  model 
development,  vehicle  design  depiction.  The  dynamic 
graphics  developments  in  FRC's  TASEM/MAPS  program,  which 
advances  the  state-of-the-art  in  computer  graphic  depic¬ 
tion  of  combat  operations,  are  also  illustrated. 
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New  materials,  aircraft  designs,  and  high-level 
threats  are  rapidly  emerging  which  necessitate  that  future 
aircraft  satisfy  mission  requirements  from  the  onset  of 
design.  Mission  requirements  now  include  surviving  in¬ 
creasing  threats  using  low-level  solid-state  equipment, 
which  comprise  fly-by-wire  control  systems  and  composite 
materials  that  generally  provide  poor  electromagnetic 
shielding.  The  need  to  know  how  each  of  the  aircraft 
design  disciplines  interact  upon  each  other  has  become 
essential.  The  Navy  cannot  afford  to  build  aircraft,  test 
them,  and  then  correct  for  design  defects  not  considered 
at  the  onset  of  the  design.  Furthermore,  the  ability  to 
evaluate  performance  and  cost  impact  from  rapidly  changing 
technologies  and  the  change  in  military  posture  they 
necessitate  has  extremely  high  value. 

These  concepts  give  rise  to  the  idea  of  using 
computer-aided  technology  in  all  aspects  of  aircraft 
design  to  arrive  at  a  "total  systems  approach"  to  the 
optimization  of  aircraft  design  from  structural,  material, 
and  electromagnetic  viewpoints.  This  will  avoid  undue 
concentration  on  isolated  aspects  of  the  design,  thereby 
producing  greater  total  savings. 

Two  aircraft  containing  significant  amounts  of  com¬ 
posite  material,  the  YAV-8B  and  F-18  are  shown  in  Figures 
1  and  2.  Other  composite  material  platforms  under  devel¬ 
opment  include  the  Advanced  Attack  Fighter,  the  MX  mis¬ 
sile,  and  the  Advanced  Composite  Airframe  Program  (ACAP) . 

A  general  composite  material  can  be  defined  as  a  man¬ 
made  combination  of  two  or  more  chemically  distinct  mater¬ 
ials,  with  a  distinct  interface  separating  them,  and 
created  to  obtain  properties  unachievable  by  the  individ¬ 
ual  elements  alone.  Examples  include  graphite/epoxy, 
boron/epoxy,  and  Kelvar. 

The  increased  use  of  composite  materials  in  aircraft 
structures  and  subsystems  significantly  increases  electro¬ 
magnetic  effects  on  avionics  subsystems  performance.  The 
resulting  avionics/computer  failures  jeopardize  the 
pilot's  life  and  the  safety/mission  of  the  aircraft, 
helicopter,  or  missile. 
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Cross-discipline  issues  to  be  considered  in  the  use  of 
composites  are  illustrated  in  Figure  3.  For  example, 
covering  graphite/epoxy  with  aluminum  foil  can  solve  the 
electromagnetic  shielding,  lightning  protection,  water 
vapor  absorption,  and  heating  effects  problems  but  not  the 
corrosion,  lifetime  degradation,  or  maintenance  and  repair 
problems.  Using  a  glass  coating  on  graphite/epoxy  with  an 
aluminum  facing,  such  as  in  Thorstrand  material,  solves 
the  corrosion  problem.  However,  the  weight  penalty  may  be 
too  severe  and  the  aluminum  coating  may  not  be  thick 
enough  or  sufficiently  conducting  to  provide  electro¬ 
magnetic  protection.  Some  means  of  retarding  lifetime 
degradation  and  good  maintenance  and  repair  must  also  be 
provided. 

Similar  interdiscipline  concepts  carry  over  into  joint 
construction.  To  prevent  corrosion,  joints  are  bonded 
with  nonconducting  adhesive  and  anodized  nonconducting 
fasteners,  but  this  makes  an  electrically  porous  joint. 

For  an  electrically  tight  joint,  conducting  adhesive 
should  be  used  together  with  fasteners  that  make  good 
electrical  contact. 

Basic  to  an  integrated  approach  is  the  design,  con¬ 
trol,  and  use  of  a  common  data  base  that  reduces  redundant 
efforts,  assures  validity  of  data,  and  shortens  calendar 
time.  This  common  data  base  is  available  in  the  NASA 
Structural  Analysis  Program  (NASTRAN)  geometric  data  base 
and  other  currently  available  computer-aided  design  pro¬ 
grams  used  by  the  aircraft  industry,  such  as  in  surviv¬ 
ability/vulnerability  studies  for  the  F-14,  shown  in 
Figures  4  and  5.  They  have  been  extensively  used  in  the 
design  of  the  Navy  F-18  aircraft  and  an  currently  being 
used  in  the  AV-8B  aircraft  design.  The  geometrical  data 
base  available  on  the  F-18  and  AV-8B  programs  can  be  com¬ 
bined  with  existing  electromagnetic  analysis  codes  to 
evaluate  the  electromagnetic  impact  provided  by  new  mater¬ 
ials  and  structures.  The  results  of  the  extensive  elec¬ 
tromagnetic  testing  of  the  F-18  and  AV-8B  provide  an 
empirical  basis  to  corroborate  the  integrated  structural, 
material,  and  electromagnetic  analysis  codes  with  experi¬ 
ments  already  performed.  NASTRAN  or  other  CAD  routines 
will  serve  as  a  means  of  communicating  the  structural 
material  and  electromagnetic  properties  of  aircraft  to  the 
design  engineer  from  inception  of  aircraft  design. 

The  finite  element  model  in  Figure  6  is  an  example  of 
an  aircraft  design  using  CAD  techniques.  The  aft  fuselage 
section  is  comprised  of  a  non-conducting  dielectric  com¬ 
posite  (Kelvar)  with  a  protective  layer  of  Thorstrand 
(developed  by  MB  Associates) .  This  section  is  presently 


being  tested  at  Sandia  Laboratories  with  radiation  from 
10  kHz  to  10  GHz  in  the  test  facility  of  Figure  7  and  cur¬ 
rent  injection  from  1  kHz  to  5  MHz.  Previously,  Kevlar 
panels  with  aluminum  flame  spray,  wire  grid  mesh,  Thor- 
strand,  and  silver  paint  were  similarly  tested  using  the 
box  shown  in  Figure  8.  It  is  shown  using  a  triangular 
patch  model  in  Figure  9. 

To  synthesize  designs,  the  surface  current  Js  needs 
to  be  calculated  as  shown  in  Figure  10,  which  depicts  a 
cross  section  of  the  General  Dynamics  F-16  graphite/epoxy 
non-aerodynamic  forward  fuselage.  Here,  we  break  the  air¬ 
craft  shape  into  finite  sections  and  use  the  Method  of 
Moments  (MOM)  or  Finite  Element  Codes  (FEC) .  Such  cap¬ 
ability  is  being  exercised  on  the  Naval  Air  Systems  Com¬ 
mand  computer  facility  to  evaluate  electromagnetic  per¬ 
formance  of  new  aircraft  designs  and  of  significant 
existing  aircraft  modifications. 

A  MOM  program  based  on  triangular  patch  expansion 
functions  is  presently  being  implemented  at  the  Naval  Air 
Systems  Command.  Its  output  capabilities  will  include 
those  shown  in  Figures  11  and  12.  The  results  can  be 
compared  with  the  measured  cases  shown  in  Figures  13 
and  14. 


Figures  15  to  17  illustrate  the  electric  shielding 
inside  a  two-dimensional  graphite/epoxy  F-16  forward  fuse¬ 
lage.  Figures  16  and  17  illustrate  the  effect  of  a 
window.  A  number  of  cases  were  run  illustrating  that: 

(a)  for  the  TM  case  (Ez  parallel  to  z) ,  as  frequency  is 
lowered,  the  effect  of  the  window  on  degradation  of 
shielding  is  minimized,  (b)  the  effect  of  a  window  on  the 
TE  case  (Hz  parallel  to  z)  drastically  reduces  shielding 
effectiveness,  and  (c)  TE  shielding  was  •  irtually  nil 
below  10  kHz. 

To  synthesize  the  electromagnetic  protection  required 
by  advanced  composite  material  aircraft,  helicopters,  and 
missiles,  it  is  necessary  to  generate  the  transfer  func¬ 
tions  D ( f )  and  Ti(f)  through  T5(f)  of  Figure  18  for 
different  airframes  and  avionic  systems.  Knowledge  of 
D(f)  and  T^(f)  through  T5(f)  allow  evaluation  of  volt¬ 
ages  and  currents  which  result  from  the  different  threats. 

The  frequency  spectrum  for  nuclear,  lightning,  and 
projected  laser  threats  is  shown  in  Figure  19.  This  chart 
shows  the  high  intensity  of  lightning  at  low  frequencies 
and  that  the  nuclear  pulse  has  a  higher  frequency  content. 
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Graphite/epoxy  is  the  best  conducting  composite  mater¬ 
ial  with  a  conductivity  of  10^  mhos/m,  while  Kelvar  is  a 
nonconducting  dielectric  composite  material  with  a  conduc¬ 
tivity  of  6  x  10~9  mhos/m.  A  measure  of  material 
shielding  is  given  by  the  term  transfer  impedance,  given 
for  all  frequencies  by 

zst  =  Et/Js  =  n  csch  (7d)  (1) 

where  i ?  =  j un/o  is  the  intrinsic  impedance  of  the  shield, 
7  =  j who  is  the  propogation  factor,  and  d  is  the 

shield  thickness.  Figure  20  shows  the  surface  transfer 
impedance  for  aluminum  graphite/epoxy,  and  boron/epoxy  in 
the  same  thickness  as  8-ply  graphite/epoxy  (0.001069  m) . 
Figure  21  plots  the  low  frequency  asymptote  of  T^(f)  in 
bar  chart  form.  The  figure  illustrates  the  shielding 
effectiveness  of  the  various  foils,  on  an  absolute  scale 
including  an  3-ply  laminate  of  graphite/epoxy.  Figure  20 
illustrates  the  improvement  in  transfer  impedance  as  fre¬ 
quency  increases.  Designs  with  the  number  from  Figure  21 
reflect  requirements  imposed  by  the  very  low  frequency 
content  of  lightning  and  the  nuclear  pulse. 

Figures  22  through  27  are  descriptions  of  some  of  the 
remaining  transfer  functions,  T2(f)  through  T5(f). 

Predicted  values  of  voltage  and  current  resulting  from 
full-thrust  lightning  and  nuclear  pulses  on  an  all  com¬ 
posite  aircraft  are  shown  in  Figure  28.  These  scale 
remarkably  well  with  measured  values  gathered  to  date. 

Figure  29  shows  the  improvement  of  various  protective 
coatings  on  8-ply  graphite/epoxy.  The  plot  is  on  an  ab¬ 
solute  scale  with  all  coating  thicknesses  fixed  at 
4  mils.  For  the  coatings  considered,  the  effect  of  the 
coatings  dominates  the  shielding  of  the  graphite/epoxy. 

The  improvement  that  protective  coatings  provide  rel¬ 
ative  to  8-ply  graphite/epoxy  is  just  the  ratio  of  their 
transfer  impedance,  or 


improvement  = 


1/aG/EdG/E 

^cdc 


Zst<G/E) 
Zgt (coating) 


o  d 
c  c 

°G/EdG/E 


A  non-conducting  layer  between  the  conducting  coating  and 
graphite/epoxy  is  assumed  to  prevent  corrosion. 


SSftjV 


The  weight  penalty  paid  by  coating  with  4  mils  of  var¬ 
ious  foil  meshes  and  flame  spray  in  shown  in  Figure  30. 
This  is  based  on  100  ft^  of  coating,  which  is  the  esti¬ 
mated  surface  area  of  the  AV-8B  graphite/epoxy  forward 
fuselage. 


The 
for  the 
defined 


combined  measure  of  shielding  and  weight  penalty 
various  coatings  is  given  in  Figure  31.  It  is 
as 


Figure  of  Merit  = 


Improvement 
Surface  Density 


(3) 

=  Zst (G/E) /Zgt (coating) 
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Figure  3.  Synerglze  Platform  Disciplines 


Figure  5.  F-14  Survlvabllity/Vulnerabllity  Model 
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Figure  6.  Kevlar  Aft  Fuselage  Section 
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Figure  8.  View  of  Welded  Aluminum  Box  with  Kevlar- 
Thorstrand-Silver  Painted  Panel  Mounted 
for  Test 
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Figure  9.  Triangulated  Box 


•  SURFACE  CURRENT  DENSITY  ON  MIXED  MATERIAL 
PLATFORM 

•  TRANSFER  IMPEDANCE  -  Zst(f,o,d) 

•  JOINT  ADMITTANCE  -  YjCf^d^w) 

•  MAGNETIC  AND  ELECTRIC  SHIELDING 
SH,E(zstF'V/s) 

•  MAGNETIC  AND  ELECTRIC  FIELDS 

-  EXTERNAL 

-  INTERNAL 

-  SPATIAL  DISTRIBUTION 

-  RADAR  CROSS  SECTION  (RCS) 

•  OPEN-CIRCUIT  YOLTAGES  AND  SHORT-CIRCUIT 
CURRENT 


Figure  11.  Oucput  Capabilities 
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TRIANGULAR  PATCH  MODELLING  OF  A  THREE-DIMENSIONAL  SHELL 
STRUCTURE  COMPOSED  OF  COMPOSITE  MATERIAL  PANELS 


ASSUMPTIONS 

•  SURFACE  OF  BODY  MAY  BE  MODELLED  BY  A  MESH  OF  TRIANGULAR 
PATCHES 

•  EACH  PATCH  HAS  AN  EFFECTIVE  THICKNESS  d  WHERE  d  <<  k^ 

o 

•  EACH  PATCH  HAS  AN  EFFECTIVE  BULK  CONDUCTIVITY  a  AND 
RELATIVE  DIELECTRIC  CONSTANT  cr 


ADVANTAGES 

•  ABILITY  TO  MODEL  AN  ARBITRARY  SURFACE  GEOMETRY 
ACCURATELY 

•  GIVES  EXCELLENT  REPRESENTATION  OF  SURFACE  CURRENTS  AND 
CHARGE  DENSITIES  WHICH  ARE  NEEDED  FOR  SMALL  APERTURE 
AND  JOINT  COUPLING  FORMULATIONS 

•  BETTER  INTERIOR  FIELD  COMPUTATIONS  THAN  ACHIEVED  WITH 
WIRE-GRID  OR  OTHER  NON-SURFACE  PATCH  TECHNIQUES 


DISADVANTAGES 

•  MATRIX  SIZE  INCREASES  VERY  RAPIDLY  WITH  BODY  ELECTRICAL 
SIZE  AND/OR  GEOMETRICAL  COMPLEXITY 


Figure  12.  OuCput  Capabilities 
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•  F“] 4 j  MIXED  ALUMINUM  AND  GRAPHITE/EPOXY 


•  F-16 

•  BOX  -  KEVLAR,  KEVLAR  WITH  PROTECTIVE 
COATING 

•  V/STOL  -  KEVLAR  WITH  THORSTRAND 


Figure  13.  Cases  Considered 


•  F-16  mockup;  GRAPHITE/EPOXY 
FORWARD  FUSELAGE 

•  HAWKER 

•  BOX 

•  V/STOL  AFT  FUSELAGE 

•  MX  CANNISTER 


Figure  14.  Cases  Measured 
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Figure  15.  Electric  Shielding  Inside  a  Two- Dimensional  Graphite/Epoxy 
F-16  Forward  Fuselage 


Figure  16.  Electric  Shielding  Inside  a  Two-Dimensional  Graphite/Epoxy 
F-16  Forward  Fuselage  with  the  Effect  of  a  Window 


Flgura  17.  Electric  Shielding  Inside  a  Two-Dinens tonal  Graphite/Epoxy 
F-16  Forward  Fuselage  with  the  Effect  of  a  Window 
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EM  PROTECTION  OF  METALS  AND  COMPOSITES  {TJ 

Transfer  Impedance  Shielding  of  Structural  Materials  and 
Protective  Electromagnetic  Coatings 


Figure  21.  Transfer  impedance  Shielding  of  Structural  Materials 
and  Protective  Electromagnetic  Coatings 
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Figure  22.  Magnetic  Shielding  Effectiveness  fur  Various  Shapes 


Magnetic  Shielding  Effectiveness  tor  Various  Shapes 


Composite  Material  Electromagnetic  Shielding 


gure  it*.  Magnetic  S  and  Electric  S  Siiieiding  Effectiveness  for  Various  Materials 


Joint  Admittance/Unit  Width  as  a  Function  of  Frequency 


AVIONICS  POWER  AND  ENERGY 


Voltage,  Current,  Power,  and  Energies  Caused  by  LEMP  and  NEMP  External 
Fields  on  a  Meter  Long  Power  Line  in  an  Aluminum  or  Graphite/Epoxy 
Fuselage 


Protective  Coatings  Improvement  Relative 


Figure  29.  Improvement  Protective  Coatings  Provided  Relative  to  8-Ply  Graphite/Epoxy 


EM  PROTECTION  WEIGHT  PENALTIES  IT,) 

Forward  Fuselage  AV-8B  (Area  -  100  Ft2)  Weight  Penalty 


Figure  30.  Weight  Penalty  Imposed  by  Protective  Coating 


EM  PROTECTION  IT.) 


Figure  31.  Weight/Shielding  Figure  of  Merit  of  EM  Protective  Coatings 


COMPUTER-AIDED  AIRCRAFT  CONCEPTUAL 
DESIGN  CAPABILITY  IN  THE  NAVAL  AIR 
SYSTEMS  COMMAND  AND  ITS 
FUTURE  DEVELOPMENT 

Rudi  F.  Saenger 
Naval  Air  Systems  Command 
Washington,  D.C. 


COMPUTER-AIDED  AIRCRAFT  CONCEPTUAL 
DESIGN  CAPABILITY  IN  THE  NAVAL  AIR 
SYSTEMS  COMMAND  AND  ITS 
FUTURE  DEVELOPMENT 

Rudi  F.  Saenger 
Naval  Air  Systems  Command 
Washington,  D.C. 


Computer-aided  aircraft  conceptual  design,  more  and 
more,  is  becoming  a  necessity  for  both  government  and 
industry  alike.  Some  of  the  reasons  for  this  are  dramat¬ 
ically  expanding  technology,  competition  from  other 
countries,  greatly  increased  workload,  shortened  response 
time,  reduced  numbers  of  personnel,  and  present  ineffi¬ 
cient  use  of  critical  skills.  Given  the  enormously 
increased  and  increasing  cost  of  aircraft,  and  the  ten¬ 
dency  to  extend  service  life  years  beyond  initial  plans, 
it  has  become  vital  to  optimize  every  possible  aspect  of 
aircraft  conceptual  design.  Industry  is  substantially 
ahead  of  government  in  implementing  computer  technology. 
Unless  strong  steps  are  taken,  NAVAIR  will  soon  be: 

.  Unable  to  pass  judgment  on  future  designs 

.  Losing  ground  relative  to  industry  in  technology 
development 

.  Unable  to  respond  in  a  timely  fashion  to  work 
requested  by  higher  authority. 

NAVAIR  has  established  the  NAVAIR  Integrated  Computer- 
Aided  Design  (NICAD)  program  to  meet  this  challenge.  The 
program  concept  calls  for  computer-aided  design  capability 
for  aircraft,  missiles  and  helicopters.  The  first  step  in 
building  the  NICAD  system  will  be  defining  and  acquiring  a 
NAVAIR  Aircraft  Synthesis  Program  (NASP) .  NASP  will  be 
based  on  existing  industry  and  government  programs.  It 
will  have  an  extensive  compatible  format  data  base  with 
individual  modules  for  dealing  with  specialized  require¬ 
ments,  such  as  propulsion,  aerodynamics,  reliability,  and 
survivability  to  name  just  a  few.  The  system  will  be  con¬ 
structed  to  allow  specialists  representing  the  various 
disciplines  to  optimize  the  aircraft  through  trade  studies 
for  each  of  the  critical  parameters.  The  output  of  such  a 
computer  aided  design  synthesis  would  be  a  series  of  opti¬ 
mum  or  near  optimum  design  choices  from  which  a  final 
design  would  be  chosen--custom  tailored,  so  to  speak--for 
the  operational  requirement. 
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Also  planned  is  a  computer  graphics  type  conference 
room  designed  to  allow  presentation  of  design  study 
results  to  decision  officials.  As  planned,  this  facility 
would  allow  fielding  of  questions  requiring  further  com¬ 
puter  operation  while  meetings  are  in  progress.  This  will 
expedite  decisionmaking  while  tightly  scheduled  executives 
are  assembled  and  eliminate  scheduling  delays  for  future 
meetings  or  laborious  drop  cycles. 
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MUSCLE  POWER 


YEAJt  OF  MT1AL  OWUTKHIAL  CAPAMUTY 


CDC  777  GRAPHICS  ON  CDC  6600 


AEROSPACE  INDUSTRY  CAPABILITIES 
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TEKTRONIX  SCOPE  ON  IBM  360  (BEING  TRANSFERRED  TO  CDC  7600) 


CORK 
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:ar  new  computer  available 

computation  cost  for  computer  simulation 
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INTEGRATED  COMPUTER  AIDED  DESIGN 

DISTRIBUTION  OF  DESIGN  ACTIVITIES  FOR 
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COMPUTER  GRAPHICS  IN  THE  ADVANCED 
CONFIGURATION  DESIGN  &  ANALYSIS  PROCESS 

T.J.  Weir 

Northrop  Aircraft  Division 
Hawthorne,  California 


To  meet  the  rigorous  constraints  imposed  upon  super¬ 
sonic  aircraft,  the  conceptual  designer  must  mold  and 
shape  the  entire  configuration  by  iteratively  locating 
critical  components  such  as  the  engine,  fuel  bays,  guns, 
radar,  and  crew  stations  and  then  drawing  accurate,  smooth 
body  control  lines  and  many  section  cuts  to  assure  ade¬ 
quate  clearances  and  a  proper  cross-sectional  area  distri¬ 
bution  for  minimum  wave  drag.  Assuring  proper  aircraft 
balance,  minimum  weight,  cockpit  visibility,  and  landing 
gear  placement  for  rotation  clearance  are  but  a  few  of  the 
design  considerations. 

Manually  drawn,  smooth,  accurate  shapes  are  very  time- 
consuming,  cumbersome  to  construct  and  analyze,  and  pain¬ 
staking  to  iterate.  Through  computer  graphics'  use  of 
modular  library  components,  rapid  curve  fit  routines,  and 
automatic  section  construction,  the  designer  is  given  much 
relief  from  the  rote  task  of  mechanical  construction  and 
afforded  more  time  to  address  the  critical  design  integra¬ 
tion  functions.  This  paper  presents  the  Northrop 
hardware/software  system,  Advanced  Conf iguration  Analysis 
and  Design  (ACAD)  system,  discusses  techniques  involved 
and  concludes  with  some  applications  to  aircraft  sur¬ 
vivability  as  inputs  to  signature  and  vulnerability  models 
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The  problem-solving  process  is  much  like  the  chicken  and  egg  dilemma: 
which  came  first?  Whether  a  solution  is  synthesized  to  meet  a  problem  or 
whether  the  problem  is  analyzed  to  produce  a  solution  is  a  somewhat  moot 
question.  For  the  purpose  of  this  paper,  let  me  define  the  synthesis  process 
as  starting  with  a  blank  piece  of  paper  and  developing  a  solution  to  a  prob¬ 
lem.  This  is  contrasted  with  the  analysis  process  wherein  the  analyst  is  given 
a  baseline  approach,  and  proceeds  to  analyze  its  capability  to  solve  the 
problem.  Many  computer  design  packages  tend  to  start  with  the  analysis  loop, 
where  mission  requirements,  etc.,  are  fed  into  one  end  of  the  computer  and  a 
"synthesized"  configuration  conies  out  the  other  end.  The  ACAD  process  starts 
with  a  vehicle  synthesis  or  design  and  then  proceeds  to  the  analysis. 
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The  design  process  as  defined  by  ACAD  covers  the  first  two  phases  or 
levels  of  the  Aircraft  Design  process;  conceptual  design,  and  preliminary 
design.  The  design  process  starts  with  a  vehicle  synthesis  or  design  and 
then  proceeds  to  the  analysis.  This  is  not  the  only  approach  to  the  problem, 
rather,  it  is  the  way  that  the  conceptual  design  process  has  evolved  at 
Northrop  and  represents  a  logical  extension  of  the  design  approach  using 
new  tool s . 
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The  preliminary  design  phase  consists  of  a  more  detailed  definition 
of  the  vehicle  followed  by  a  multi-disciplined  examination  and  analysis 
to  determine  the  validity  of  the  design.  This  process  requires  significant 
data  generation,  computation,  and  design  iterations  as  the  design  evolves. 
By  the  use  of  computer  graphics  and  computer  generated  data  sets, this 
process  is  made  more  rapid  and  accurate. 
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THE  ACAD  PROCESS 

CONCEPTUAL  DESIGN  LEVEL  I 


The  first  step  in  the  Design  Process  Is  to  synthesize  a  concept  that 
satisfies  specified  requirements  such  as:  mission  radius,  payload,  takeoff 
and  landing  distances,  operating  altitude  and  speed,  and  combat  turn  and 
acceleration  performance.  The  ACSYNT  program  presented  here  is  a  vehicle 
synthesis  program  developed  by  NASA  and  now  being  utilized  by 
Northrop.  This  program  Is  very  flexible  in  that  It  can  compute  widely 
differing  vehicles  from  large  transports  to  small  fighters.  By  the 
specification  of  certain  constraints  many  different  solutions  may  be 
obtained  from  the  same  set  of  requirements. 
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This  represents  a  print  of  input  data  which  is  used  to  define  a 
solution  vehicle.  The  ACSYNT  program  Is  set-up  to  run  with  logical 
defaults  where  all  Inputs  are  not  specified.  As  few  as  sixteen  inputs 
have  been  used  to  derive  solutions.  These  solutions  have  shown  good 
agreement  with  more  defined  solutions  which  require  over  a  thousand 
inputs. 
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.  The  mission  can  be  described  simply  or  in  great  detail  depending  on 

I  requirements  and/or  desires.  Presented  here  is  a  sample  imput  of  a  typical 

r.  fighter  mission. 
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The  output  of  the  ACSYNT  program  Is  always  described  by  a  complete 
set  of  data  independent  of  the  number  of  Input  data.  All  the  physical 
dimension  dati,  weights,  engine  size  and  cycle,  wing  geometry,  and  fuel 
quantities  are  presented.  This  does  not  represent  an  optimized  solution 
but  a  point  solution  that  meets  mission  requirements  based  on  the  input 
data.  The  optimum  solution  is  obtained  by  a  numerical  regression,optimizing 
the  design  variables  to  derive  the  minimum  size  vehicle. 
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ACSYNT  OUTPUT  VEHICLE 
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Along  with  the  tabulated  output  data,  ACSYNT  also  likes  to  draw  a 
picture  of  Its  solution.  Being  limited  to  very  basic  tools,  l.e., 
stars,  dots,  and  X's,  It  tries  Its  best  to  construct  a  two-view  drawing 
Note,  no  engine  Inlets  or  canopy. 
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Since  the  very  beginning,  man  has  tried  to  express  his  dreams  in  some 
graphic  manner.  The  earliest  man  used  the  crudest  of  tools  for  drawing 
and  calculations  were  limited  to  counting  on  his  toes.  As  time  passed,  the 
dreams  became  more  sophisticated  and  the  tools  necessary  to  communicate 
these  dreams  developed  from  T  squares  to  drafting  machines  and  computing 
tools  evolved  from  slide  rules  to  programmable  hand-held  calculators. 

Tomorrow's  airplane  will  be  defined  with  tomorrow's  computer-aided 
drawing  and  analytical  tools.  One  such  hardware/software  system,  the 
Advanced  Configuration  Analysis  and  Design  (ACAD)  system,  is  currently  being 
used  at  Northrop. 
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THE  ACAD  PROCESS 

CONCEPTUAL  DESIGN  LEVEL  I 


CtOKTftV 

tfOML 


■IMIS  L 
REQUIREMENTS  J 


ACSYNT 

VEHICLE 

SYNTHESIS 


t  CONCtnilAl  'f 


The  conceptual  arrangement  Is  the  designer's  chance  to  stylize  the 
concept  and  hopefully  make  It  a  workable  design.  The  design  tool  utilized 
here  Is  the  NCAD  three  dimensional  graphics  system  which  creates  a  three 
dimensional  drawing  of  the  vehicle  and  defines  It  with  surface  patches. 

The  resulting  drawing  represents  a  concept  which  has  been  packaged  and 
refined  to  show  cockpit,  inlets,  landing  gear,  weapons,  subsystems,  and  fuel 
tankage. 
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The  ACAD  system  consists  of  an  ADAGE  GT/2250  display  console  or 
equivalent,  with  related  display  control  units  and  long  line  adapters, 
a  large  IBM  system  370  computer  with  its  related  disk,  drum  and  tape 
storage  systems,  a  Universal  Drafting  Machine  Orthomat  plotter  system, 
and  a  Versatec  or  Gould  electrostatic  plotter  system. 

The  ACAD  designer  uses  the  designers'  console  as  an  input/output 
device  for  graphics  operation.  Two  of  these  consoles  are  connected  to 
a  display  control  unit  which  accepts  data  and  cues  the  data  for  trans¬ 
mission  to  the  computer  system  in  another  complex. 

The  console  provides  high-speed  exchange  of  data  and  visual  display 
between  the  computer  and  the  designer.  The  console  displays  tables, 
graphs,  charts,  drawings,  and  alphanumeric  data  on  the  face  of  a  cathode- 
ray  tube.  The  function  keyboard,  alphanumeric  keyboard  and  the  light  pen 
supply  the  means  for  entry  and  change  of  displayed  information. 
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Given  a  body  of  revolution  in  a  supersonic  flow  field,  its  wave  drag 
is  a  function  of  the  distribution  of  the  volume  in  the  free  stream  direc- 
tion.  Using  the  methods  of  Adams,  an  optimum  distribution  of  volume  for 
minimum  wave  drag  can  be  calculated.  In  the  equation  shown  in  the  figure, 
the  variables  of  volume,  fineness  ratio  (length  divided  by  diameter),  and 
maximum  cross  sectional  area  can  be  combined  with  two  as  dependent  vari¬ 
ables  and  the  third  being  the  independent  variable.  It  is  then  possible  to 
calculate  an  optimum  distribution  of  volume. 

However,  it  not  always  possible  for  the  designer  to  place  the  maximum 
cross-sectional  area  of  the  aircraft  at  the  point  for  minimum  drag.  Con¬ 
sequently,  it  is  necessary  to  assess  the  drag  impact  of  skewing  the  distri¬ 
bution  for  a  new  peak  location  and  consequently  calculating  a  new  target 
area  distribution  for  this  location.  When  the  net  volume  of  the  airplane 
has  been  determined,  the  designer  uses  the  Adams  method  to  produce  an  over¬ 
all  target  area  distribution  as  shown  above. 

Adams,  Mac  C.,  "Determination  of  Shapes  of  Boattail  Bodies  of  Revolution 
for  Minimum  Wave  Drag,  NACA  TN  2550,  August  21,  1951. 
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The  target  program  provides  the  designer  with  a  total  aircraft 
target  area  distribution  from  parameters  of  volume,  fineness 
ratio,  overall 'length,  and  maximum  cross-sectional  area.  Only 
two  of  these  parameters  are  heeded  to  develop  an  optimum 
shape  with  the  other  two  parameters  taken  as  dependent 
variables.  The  target  types  correspond  approximately  to  the  Adams  target 
types.  After  the  user  selects  the  target  type  and  enters  the  two  basic 
parameters,  with  a  further  notation  of  the  nose  station  and  base  area,  the 
target  area  distribution  may  be  selected  either  with  the  peak  located  at  an 
optimum  location,  at  a  specific  location,  or  as  a  fraction  of  the  body 
length.  With  any  of  these  options,  a  relative  drag  value  is  calculated  and 
included  on  the  face  of  the  plot. 
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This  is  a  typical  output  of  the  target  program  where  volume,  fineness 
ratio,  and  specific  station  for  the  maximum  area  were  utilized  as  program 
inputs.  The  resulting  target  area  distribution  has  a  value  of  -5  =  699  square 
inches.  For  convenience,  the  data  are  plotted  digitally  to  the  left  of  the 
plot. 
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The  planview  program  allows  the  designer  to  calculate  wing  and 
empennage  planview  drawings  as  a  simple  entity  by  using  standard 
geometric  parameters.  Equivalent  cross-sectional  area  distributions  are 
also  calculated. 

This  diagram  summarizes  tne  input  parameters  required  for  the 
planview  routines  to  define  wing  and  empennage  planforms,  develop  section 
definition,  and  calculate  the  equivalent  area  distribution  of  the  exposed 
surface  as  a  function  of  the  design  Mach  number. 
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This  is  a  sample  printout  of  the  planview  program  which  enables 
the  designer  to  readily  visualize  the  wing  in  both  plan  and  sideview. 
For  convenience,  the  major  geometric  parameters  are  summarized  automat 
ically  on  the  drawing. 
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MACH  EFFECTS  ON  WING  AREA  DISTRIBUTION 


The  angle  of  the  cutting  plane  is  equal  to  Sin-1  (1/M).  Thus,  with 
increasing  Mach  number  the  cutting  planes  are  passed  through  the  wing  and 
empennage  at  increasing  angles.  The  effect  of  this  increase  in  Mach  number 
is  to  "smear"  the  area  distribution  as  shown  in  the  figure  above.  Note 
that  the  volume  is  constant  under  all  of  these  curves.  Since  the  target 
body  area  distribution  will  be  greatly  affected  by  the  particular  wing  area 
distribution,  which  is  subtracted,  it  is  important  for  the  designer  to  esta 
lish  at  the  outset  which  design  Mach  number  will  be  used  to  optimize  the 
body. 
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The  net  body  target  program  is  a  simple  sunmation  program  which 
subtracts  the  wing  and  empennage  equivalent  area  distributions  from  the 
overall  target  to  produce  a  net  body  target. 

The  resulting  net  body  target  is  shown  here  for  a  design  Mach  number 
of  1.8.  Tnis  moaule  is  in  the  development  stage  and  when  completed  will 
present  tne  designer  witn  the  display  shown  plus  the  rapid  capability 
to  shift  wings  and  empennage  fore  and  aft,  and  will  aslo  present  the  body 
equivalent  diameter. 
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BODY  DEVELOPMENT 


the  body  shown  in  this  figure.  The  drawing  of  the  control  lines,  con 


struction  of  the  sections,  and  calculation  of  the  cross-sectional  area 


distribution  is  presented. 
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Within  the  user's  CADAM  drawing  files,  or  stored  within  libraries, 
are  several  baseline  components  such  as  radars,  crew  stations,  and  engines. 
The  components  shown  in  this  picture  do  not  represent  actual  hardware 
options,  but  rather  generic  concepts  depicting  the  scope  of  detail  neces¬ 
sary  for  the  designer  to  begin  the  process.  The  crew  station  above  shows 
the  essential  elements  of  seat  back  angle,  helmet  clearance,  and  eye  and 
seat  reference  points. 

It  should  be  noted  that  CADAM  enables  the  designer  to  scale  indepen¬ 
dently  in  both  X  and  Y;  for  example,  engines  scale  differently  in  diameter 
and  length  as  a  function  of  thrust.  Using  the  CADAM  capability, 
an  engine  can  be  rapidly  derived  through  this  scaling  option. 
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Once  the  overall  configuration  length  has  been  determined,  the  system 
modules  may  be  "hung"  on  the  screen  in  any  location  and  orientation  selected 
by  the  designer  within  these  limits.  He  then  assures  adequate  clearance 
as  shown  by  the  data  points  circled  for  reference  on  this  drawing.  Once 
satisfied  with  this  placement,  the  designer  then  uses  the  CADAM  functions 
of  splines,  conics,  lines,  and  circles  to  draw  the  control  lines.  These 
control  lines  can  be  readily  displayed,  and  changed,  with  the  stroke  of  a 
light  pen.  This  procedure  of  defining  the  external  control  lines  of  the 
airplane  continues  until  adequate  definition  exists  for  the  construction  of 
three-dimensional  shapes. 


21 70- 1  IB-7#) 


241 


AIRCRAFT  CROUP 


NORTHROP. 


The  figure  above  demonstrates  the  desirability  of  large  main  frame 
models  for  configuration  control.  In  this  view,  seventy  complex  sections 
were  generated  on  the  screen  without  filling  the  model  or  the  buffer.  The 
ability  to  use  this  dense  spacing  of  sections  for  control  of  asthetics  is 
well  illustrated. 

Display  flexibility  permits  viewing  the  sections  on  one  or  both  sides, 
either  head-on  or  in  isometric  view. 
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When  the  designer  is  satisfied  that  the  body  lines  are  properly 
faired  and  that  adequate  clearance  is  available  for  all  of  the  major 
subsystems,  he  may  then  enter  the  AREA  subroutine  and  calculate  the 
actual  cross-sectional  area  distribution  as  a  function  of  body  station. 
This  example  shows  both  the  plotted  area  distribution  and  the  digital 
values  displayed  simultaneously  on  the  screen.  The  discontinuity  between 
stations  370  and  380  occurs  at  the  inlet  and  represents  the  inlet  capture 
area. 
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With  the  engine  inlet  capture  area  removed,  the  body  actual  area 
distribution  can  then  be  compared  with  the  net  body  target  area  distribu 
tion  shown  on  page  28.  At  this  point,  the  designer  has  the  option  of 
revising  the  control  lines  and/or  the  target  area  distribution  as 
appropriate. 


The  General  Arrangement  Drawing  becomes  the  principal  vehicle 
definition  and  the  collector  of  all  design  inputs  in  the  preliminary 
design  phase.  This  level  of  the  design  process  represents  a  more  de¬ 
tailed  and  complete  effort  as  is  reflected  by  the  number  of  supporting 
drawings.  These  drawings  must  be  of  sufficient  detail  to  assure  that 
all  systems  fit,  there  is  structural  integrity,  and  that  the  external 
lines  are  smooth  and  continuous. 


GENERAL  ARRANGEMENT 


An  example  of  a  report-quality  3-view  drawing  produced  from  the 
ACAD  general  arrangement  drawing.  This  drawing  can  be  produced  and 
revised  rapidly  utilizing  ACAD. 
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Perspective  drawings  can  also  be  produced  for  visualization  and 
artist  renderings.  Any  angle  of  rotation  or  eye  location  can  be  used. 
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Altoff's  vision  plots  are  a  standard  representation  to  show  the  pilot's 
vision  from  his  position  In  the  cockpit.  This  type  of  plot  used  to  take 
days  to  generate  by  hand,  but  now  with  computer  graphics  can  be  accomplished 
within  minutes. 
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INBOARD  PROFILE 


Aero  paneling  can  be  accomplished  utilizing  the  geometry  definition 
data  set  and  the  ability  of  CADAM  to  divide  sections  into  equal  segments. 
This  data  set  can  be  easily  transferred  into  3-D  surface  patch  data  for 
utilization  in  automatic  paneling  programs. 
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Computer  graphics  have  opened  up  a  new  dimension  in  survivability 
assessment.  Aircraft  designed  using  computer  graphics  have  a  display 
capability  that  was  not  previously  possible  and  possesses  a  computer  data  set 
that  permits  rapid  analysis.  Computer  graphics  allows  the  designer 
to  inspect  his  concept  and,  if  necessary,  make  fast  and  accurate  iterations. 
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One  area  of  survivability  analysis  is  the  ability  to  elude  detection. 
There  are  three  principal  areas  in  the  signature  detection  spectrum, 
i.e.,  optical,  infrared,  and  radar. 


Using  a  computer  graphics  three-dimensional  data  set,  an  optical 
model  can  be  generated  to  show  the  visibility  of  the  vehicle  at  any 
altitude  and/or  illumination  condition.  This  graphic  system  was  develoDed 
by  NASA  and  is  referred  to  as  the  DICOMED  system. 
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The  geometric  aspect  of  infrared  modeling  can  easily  be  accomplished  by 
graphically  examining  hot  sections  of  the  engine  installation  and 
determining  at  what  aspect  these  areas  are  visible.  This  process  is  presently 
done  manually  on  the  display  tube  but  could  be  automated  to  plot  the 
temperature  gradients  with  aspect  angle. 
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The  electromagnetic  evaluation  is  a  combination  of  both  the  optical 
and  the  infrared  technique.  The  NASA  DICOMED  system  can  be  used  to 
give  reflectivity  of  edges  and  surfaces, while  the  engine  face  can  be 
examined  geometrically  to  determine  the  aspects  it  is  visible. 
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Computer  generated  vulnerability  drawings  offer  great  versatility 
in  detail  of  subsystem  descriptions,  structural  elements,  fragment  impact 
points  and  fragment  aspect  angles.  Almost  free  are  the  available  geometric  details 
of  fuel  system  tank  locations,  fuel  level  variation  and  explosion  protection 
system  effectiveness.  This  all  starts  with  the  basic  drawing  (shown)  and 
the  subsequent  inboard  profile  of  subsystem  elements.  In  the  conceptual 
design  phase,  aerodynamic  lines,  structures  concepts  and  initial  subsystem 
arrangements  provide  the  major  Input  for  preliminary  analysis  of  vulnerable 
areas. 
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DAMAGE  TOLERANT  SYSTEMS 


A  •  ARMOR  CRITICAL  COMPONENTS 


B  ■  BURY  VULNERABLE  COMPONENTS 


C  ■  CONCENTRATE  FOR  ARMOR 


D  -  DISPERSE  REDUNDANT  SYSTEMS 


E  -  END  FUEL  FIRES 


Everything  must  be  kept  simple  in  conceptual  design,  even  vulnerability 
guidelines.  The  A  B  C's  of  vulnerability,  created  in  the  60' s, have  served 
as  design  guides  to  the  airplane  configurator. 

•  Armor,  while  listed  first,  is  usually  the  last  resort.  Except  for 
pilot  protection, armor  is  usually  not  included  during  conceptual 
design . 

•  Bury  critical  elements  which  would  yield  a  K  or  A  kill.  During 
conceptual  design  the  critical  element  list  includes,  ammunition 
drum,  engines,  flight  control  computer,  power  distribution  panel, 
emergency  power  generator. 

•  Concentrate  critical  elements  when  armoring  is  necessary.  This 
is  usually  done  during  the  second  iteration  following  preliminary 
analysis  for  vulnerable  areas. 

•  Disperse  redundant  elements.  A  standard  approach  that  produces 
the  maximum  separation  possible  between  vulnerable  components. 

•  End  fuel  fires  -  a  reminder  to  avoid  fires  by  including  Inert  gas, 
foam  of  other  explosion  protection  and  fuel  tank  arrangements  that 
do  not  leak  on  the  hot  sections. 
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DISPERSE  REDUNDANT  SYSTEMS 


When  design  development  progresses,  the  detail  of  subsystem 
vulnerability  gets  compromised  by  maintainability  and  accessibility 
considerations.  The  conceptual  designer  carries  his  integration 
skills  forward  in  development  to  maintain  the  discipline  in  subsystem 
installations.  Detail  vulnerability  studies  are  aided  by  evolving 
computer  generated  layouts  where  the  initial  stored  data  is  continually 
updated  and  expanded  to  produce,  in  the  end,  total  detail  of  all 
subsystem  installations. 

This  installation  of  a  dual  hydraulic  system  illustrates  one 
end  product  of  dispersed  redundant  systems. 


BURY  VULNERABLE  COMPONENTS 


A  typical  location  for  buried  subsystems  is  shown.  Protection 
of  this  zone  is  provided  by  engine  inlet  structure,  forebody  structure 
and  components  and  external  stores  hardpoints.  The  following  page 
discusses  this  in  more  detail. 
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ECS  SYSTEM 


The  vulnerable  components  of  concern  here  are  actually  above 
the  Environmental  Control  System  shown.  Critical  avionics  and 
ammo  drum  are  buried  above  the  ECS,  behind  the  pilot  and  ahead 
of  integral  body  fuel  tanks,  thus  minimizing  armor  requirements 
in  the  forebody. 


Producing  total  subsystem  details,  such  as  shown,  produce  early 
results  for  vulnerable  area  studies.  Computer  generated  drawings 
in  three  dimensions  are  the  key  to  rapid  analysis. 


AIRCRAFT  GROUP 


SUMMARY 


INTERACTIVE  COMPUTER  GRAPHICS 
WILL: 

•  INCREASE  ACCURACY  AND  DEPTH  OF  CONCEPTUAL  DESIGN, 

•  PROVIDE  A  COMMON  DATA  BASE  FOR  DESIGN  AND  ANALYSIS, 


•  REDUCE  THE  TEDIUM  OF  MANUAL  CONSTRUCTIONS,  DIGITIZING  AND  MEASURING 


WILL  NOT  : 


•  REDUCE  THE  TIME  FOR  CONCEPTUAL  DESIGN, 


•  COME  ABOUT  WITHOUT  A  DEDICATED  EFFORT, 


•  BE  UNIVERSALLY  ACCEPTED  BY  ALL  DESIGNERS, 


•  REPLACE  THINKING. 


The  impact  that  interactive  computer  graphics  has  had  on 
the  design  process  can  be  summarized  as  having  increased  accuracy  and 
depth  of  aircraft  designs  in  both  the  conceptual  and  preliminary  design 
phases.  While  the  initial  time  to  design  an  aircraft  concept  has  not 
shown  any  significant  benefit,  the  quality  of  the  product  has.  The 
reason  for  this  phenomenon  has  been  given  as:  if  a  designer  is  given 
a  specific  period  to  design  something,  he  will  take  exactly  that  amount 
of  time.  The  computer  graphics  tool  speeds  up  the  drawing  process, 
freeing  the  designer  to  think  of  improvements  and  refinements. 

A  secondary  benefit  of  aircraft  designed  using  computer  graphics 
is  that  it  provides  a  common  data  base  for  the  analyst  as  well  as  the 
designer.  This  data  base  reduces  the  time  and  tedium  of  manual  digitizing 
and  measuring,  thus,  providing  more  time  to  analyze  data  and  iterate 
the  design. 

Above  all,  we  must  remember  that  the  computer  does  not  replace 
thinking. 
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COMPUTER-AIDED  ENGINEERING 
APPLICATIONS  AND  INTEGRATION  WITH  S/V 


R.J.  Ridgeway  and  J.G.  Avery 
Boeing  Military  Airplane  Co. 
Advanced  Airplane  Branch 
Seattle,  Washington 


Survivability  analysts  have  always  made  good  use  of 
digital  computers.  Additionally,  one  of  our  primary  goals 
has  been  to  integrate  survivability  design  technology  into 
the  design  process  at  the  very  earliest  opportunity. 
Computer-aided  design  (CAD)  is  well-suited  to  the  skills 
and  goals  of  the  survivability  community. 

Largely  as  a  result  of  the  ATS  Study,  there  has  been 
an  increasing  interaction  between  design  and  effectiveness 
analysis.  Design  decisions  and  technology  development  are 
influenced  to  a  major  degree  by  the  results  of  system 
analyses,  which  express  merit  in  terms  of  targets  killed 
per  dollar,  as  an  example.  As  these  decisions  are  made 
during  conceptual  design,  it  is  essential  that  surviv¬ 
ability  parameters  are  computed  with  the  same  level  of 
accuracy  as  other  design  parameters.  Full  implementation 
of  survivability  analysis  into  CAD  will  assure  that  this 
capability  is  achieved. 

The  remaining  viewgraphs  summarize  the  CAD  implementa¬ 
tion  approach  being  implemented  by  the  Advanced  Airplane 
Branch  of  BMAC  and  indicate  certain  capabilities  that  we 
feel  are  desirable  for  the  survivability  integration. 
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THE  IMPACT  OF  COMPUTER  GRAPHICS 
ON  PRODUCT  DEVELOPMENT 


Richard  Ricci 

Lockheed-California  Company 
Burbank,  California 


Interactive  computer  graphics  development  was  started 
at  the  Lockheed-California  Company  during  the  mid-1960s. 
After  several  years,  this  initial  development  matured  into 
a  design  drafting  package  called  the  CADAM*  System.  This 
system  has  continued  to  be  expanded,  and  other  graphic 
applications  have  been  integrated  with  its  data  base  until 
nearly  all  aspects  of  aircraft  design  have  been  considered. 

CADAM  is  now  used  extensively  at  all  major  Lockheed 
companies,  including  the  Lockheed  Georgia  and  Lockheed 
Missiles  and  Space  Companies  as  well  as  the  California 
Company  (CALAC) .  It  has  also  been  licensed  for  use  and 
enjoys  wide  acceptance  as  a  design/drafting  tool  through¬ 
out  the  world. 

Computer  Graphics  at  CALAC,  specifically  the  CADAM 
system,  is  now  being  used  throughout  the  design  Corpora¬ 
tion  process--f rom  conceptual  design  through  final  product 
support  data  in  the  form  of  maintenance  manuals. 

In  the  conceptual,  preliminary,  and  derivative  design 
phase,  the  graphics  system  is  used  to  first  develop  the 
basic  three-view  general  arrangement  drawing.  From  this 
information  analysis,  data  models  can  be  generated  semi- 
automatically  for  input  to  batch  computing  mission  analy¬ 
sis  and  aerodynamic  programs.  These  programs  perform 
optimization  analysis  on  the  basic  aircraft  shape  and 
size.  This  data  is  fed  back  to  the  designer  who  then 
modifies  the  basic  configuration  as  necessary.  Also  done 
on  the  graphics  cathode  ray  tube  (CRT)  during  these  early 
phases  of  design  are  interior  sizing  to  satisfy  various 
cargo,  passenger  and  equipment  requirements.  Once  the 
basic  shape  has  been  determined,  the  designer  can  generate 
an  air  swept  (lofted)  surface  definition  of  the  vehicle 
and  a  "structural  arrangement"  layout.  These  are  used  for 
wind  tunnel  modeling  and  structural  analysis. 

The  applications  of  CADAM  in  the  production  design 
areas  of  CALAC  have  been  extensive  and  permeate  nearly  all 
areas  of  engineering.  The  variety  of  capability  covers 
such  diverse  disciplines  as  airframes,  interiors, 

*  Registered  trademark  of  the  Lockheed 
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instrument  layouts,  mechanisms  layouts  and  motion  studies, 
hydraulic  schematics,  electrical  design,  and  paint  and 
markings.  Virtually  no  area  remains  untouched  by  graph¬ 
ics.  However,  much  of  the  current  design  efforts  are 
still  manual.  This  is  mainly  because  of  training  require¬ 
ments  of  both  new  and  old  employees,  hardware  require¬ 
ments,  and  acceptance  by  middle  management. 

CADAM's  use  in  the  manufacturing  area  of  the  company 
ranks  among  the  oldest  and  most  established.  Manufactur¬ 
ing  began  using  the  system  back  in  1968  for  the  program¬ 
ming  and  generation  of  numerical  control  (NC)  machine 
tapes.  Today  virtually  100  percent  of  all  NC  tapes  made 
at  Lockheed  are  done  by  graphics.  In  addition  to  this 
activity,  the  tool  design  and  Quality  Assurance  areas  of 
manufacturing  are  also  now  using  the  system. 

Finally,  but  certainly  not  least,  is  the  application 
of  graphics  in  the  product  support  area.  These  are  the 
people  who  develop  and  maintain  maintenance  manuals.  At 
CALAC  this  is  a  100  percent  CADAM  endeavor  on  the  L-1011 
Trijet  project.  The  size  of  the  task  is  so  large  that 
their  current  data  base  is  well  over  250,000  drawings. 

Other  major  areas  of  graphics  include  lofting  and 
analysis  modeling.  One  hundred  percent  of  all  CALAC  loft 
data  are  now  generated  on  graphics.  In  the  analysis 
modeling  area  extensive  use  is  being  made  of  the  existing 
and  newly  created  geometry  drawings  to  develop  analytical 
models  such  as  aerodynamic  paneling  models,  finite  element 
models,  and  survivability  assessment  models. 
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P-3C  SURVIVABILITY  STUDIES: 

AN  APPLICATION  OF  COMPUTER-AIDED  DESIGN 

Donald  E.  Tuttle 
and 

Kimber  L.  Johnson 
Lockheed-California  Company 
Burbank,  California 


P-3C  SURVIVABILITY  STUDIES: 

AN  APPLICATION  OF  COMPUTER-AIDED  DESIGN 


Donald  E.  Tuttle 
and 

Kimber  L.  Johnson 
Lockheed-California  Company 
Burbank,  California 


The  P-3C  is  an  antisubmarine  warfare  (ASW)  aircraft 
with  an  expanding  role  in  antisurface  warfare  (ASUW) . 

This  expanding  role  has  increased  concern  over  the  sur¬ 
vivability  of  the  aircraft  during  encounters  with  surface 
combatants  and  with  long-range  fighter  aircraft.  Addi¬ 
tionally,  the  capability  exists  for  future  arming  of  sub¬ 
marines  with  underwater  launched  anti-air  missiles. 

Lockheed  is  currently  conducting  studies  for  the  Navy 
on  the  vulnerability  of  the  P-3C.  We  are  also  studying 
improvements  that  can  be  used  to  increase  the  overall  sur¬ 
vivability  of  the  aircraft  and  improve  its  effectiveness 
in  the  ASW  and  ASUW  role. 

Computer-aided  design  has  been  used  in  all  aspects  of 
the  analysis.  The  accompanying  viewgraphs  indicate  some 
of  the  areas  studied. 

Mission  analysis  and  force  requirements  studies  are 
based  on  analysis  of  encounters  occurring  during  global 
warfare.  ASW  operations  occur  in  three  areas:  along 
barriers  that  are  used  to  monitor  traffic  through  choke 
points  such  as  exist  between  Great  Britain  and  Greenland, 
along  convoy  routes,  and  in  open  sea  areas  where  ballistic 
missile  submarines  operate.  The  world  map  indicates  these 
operating  areas  and  the  potential  for  long-range  Soviet 
aircraft  operating  in  an  armed  role  to  act  against  the 
patrol  aircraft.  Additional  threats  exist  when  the  air¬ 
craft  is  used  in  a  surface  search  role  where  encounters 
with  surface  forces  can  subject  the  aircraft  to  surface- 
to-air  missiles  (SAM)  and  anti-air  artillery  (AAA). 

The  geometric  model  for  assessing  aircraft  vulner¬ 
ability  was  created  using  the  Lockheed  CADAM*  system. 
Aircraft  "drawings"  were  accessed  and  data  points  put  in  a 
temporary  data  set  within  CADAM.  The  data  was  then  copied 
into  a  new  data  set  and  at  the  same  time  formatted  for 
RAWGEN  input  thru  a  separate  subroutine.  Components  with¬ 
in  the  aircraft  were  modeled  using  standard  shapes  such  as 
cylinders  or  boxes. 

*  Registered  trademark  of  the  Lockheed  Corporation 
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Survivability  studies  performed  include  the  effects  of 
susceptibility  reduction  through  use  of  ESM,  ECM,  and 
IRCM.  These  studies  have  included  analysis  of  the  effects 
on  the  P-3C  and  on  a  new  design  alternative  called  the 
MPA.  Also  studied  have  been  the  effects  of  adding  alter¬ 
native  lethal  defense  systems  including  the  Phoenix,  Spar¬ 
row  or  a  conceptual  small  anti-missile  missile.  These 
studies  have  been  carried  out  to  ascertain  the  attrition 
levels  and  the  expected  life  cycle  costs  of  the  various 
concepts  with  differing  threat  levels. 

The  broad  range  of  studies  carried  out  in  this  program 
are  based  on  using  computers  as  an  aid  in  design.  Com¬ 
puters  at  Lockheed  provide  the  capability  for  broad-based 
comprehensive  survivability  studies.  These  studies  are 
continuing  in  conjunction  with  Navy  studies  to  define  an 
Advanced  P-3  aircraft  that  will  be  both  effective  and  com¬ 
bat  survivable. 
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•  NAVAIR  (PMA-240),  NWC  CHINA  LAKE,  NSWC  WHITE  OAK 
NPS  MONTEREY,  JTCG/AS,  USAF 

•  GD,  GE,  HUGHES,  SANDERS 


CONCLUSIONS 


INTERACTIVE  GRAPHICS  FOR  DISPLAY  AND 
MODIFICATION  OF  TARGET  DESCRIPTIONS 


Earl  P.  Weaver,  Vulnerability/Lethality  Division 
Michael  J.  Muuss,  Ballistic  Modeling  Division 

ARRADCOM 

Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground,  Maryland 


ARRADCOM 

Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground 
Maryland 


INTERACTIVE  GRAPHICS 

FOR 

DISPLAY  AND  MODIFICATION 

OF 

TARGET  DESCRIPTIONS  (U) 


Earl  P.  Weaver  Vulnerability/Lethality  Division 
Michael  J.  Muuss  Ballistic  Modeling  Division 

12  Nov  1980 
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June  17, 1980 


TARGET  MODELS  PROVIDE 

•  INPUT  TO  VULNERABILITY  ASSESSMENT 
CODES 

•  Components/Compartments  encountered 

•  Angle  of  obliquity  at  point  of  impact 

•  Component  material 

•  Component's  line-of- sight  thickness 

•  Angle  of  exit 

•  INFORMATION  FOR  ANALYSIS 

•  Weights 

•  Volumes 

•  Centers  cf  gravity 

•  Moments  of  inertia 

•  Presented  areas 

•  Pictures 


June  17,  1980 
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BASIC  FUNCTIONS  OF  A 
TARGET  DESCRIPTION  SYSTEM 


•  Represent  the  geometric/physical 
system  under  study  by  a  model 

•  Create,  delete,  and  change  the 
model 

•  Display  a  representation  of  the 


I 


COM-GEOM 

COMBINATORIAL  GEOMETRY 

•  LIBRARY  OF  SHAPES 

•  Boxes 

•  Cylinders 

•  Spheres 

•  Cones 

•  Pyramids 

•  Wedges 

•  N -Faced  Arbitrary  Polyhedra 

•  Others 

•  COMBINE  SHAPES  USING 

•  Intersection 

•  Subtraction 

•  Union  (OR) 


June  17,  1980 
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GENERATING 
A  TARGET  DESCRIPTION 


•  Determine  "level  of  detail" 

•  Decide  on  construction  of  component 

•  Prepare  data 

•  Validate  model 

•  Check  for  overlap 

•  Pictures 

•  Shotlines 


April  30,  1980 
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o  Data  Preparation 

•  Validation 

•  Modification 


June  17*  1980 


DESIGN  OBJECTIVES 


•  Real-time  functions 

J  construction 
J  viewing 
J  modification 

•  Little  or  no  explicit  numerical 
input 

•  "Stock  room  parts  bin"  to 
eliminate  redundant  design 
work 

•  Interface  to  GIFT  code 


April  30,  1980 
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IMPLEMENTATION 


•  GENERALIZED  COM-GEOM  SOLIDS 

•  Arbitrary  8-vertex  polyhedron 

•  Truncated  general  cone 

•  Ellipsoid  of  revolution 

•  DISPLAY  LIMITATIONS 

•  Draw  only  solids  (Dashed  lines  indicate 
subtracted  solids) 

•  No  hidden  linelsurface  removal 

•  No  complex  edge  generation 

•  No  perspective  view  (Depth  cueing  by 
decreased  intensity) 


June  17, 1980 
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COM-GEOM 

INPUT 


HIERARCHICAL 
OBJECT  STRUCTURE 


401 


GED  Features 


DISPLAY 

•  Show/erase  parts 

•  Pan 

•  Arbitrary  viewpoint 

•  Zoom 

•  Preset  views 

•  Slicing  plane 

•  Save  viewpoint 

MANIPULATION 

•  Create  and  delete  assemblieJ 

•  Rename  assemblies 

•  Copy  solids 

•  " Instance "  assemblies 

•  Move  assemblies 

•  5ca/e  assemblies 

•  Modify  solids 


f  Assemblies  =  Soto/s  or  Combinations 


June  17, 1980 
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IMPLEMENTATION  DETAILS 


•  The  C  structured  programming 
language 

•  The  BRLNET- JHU/UNIX  ^ 
operating  system 

•  Vector  General  refresh  display 

•  32  K  byte  display  memory 

•  DEC  PDP-11/34  computer 

•  96  K  words  MOS 

X  •  80 ^Megabyte  disk 

% 

t  t  UNIX  is  a  trademark  of  Bell  Labs 

t 


June  17, 1980 
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BENEFITS  OF  GRAPHICS  EDITOR 


•  Cheaper,  faster,  more  useful 
target  models 

•  Ability  to  modify  model  in 
real-time 

•  "Stock  room  parts  bin" 
eliminates  duplication  of  effort 

•  Increased  productivity  of 
Target  Modeling  Specialists 

•  Vulnerability  reduction  studies 
practical 

•  Ability  to  quickly  implement 
engineering  changes 


TO  ACCESS  SURVIVABILITY  AND  COMBAT  DAMAGE 
IN  AIRCRAFT  DESIGN  SELECTION 


Paul  T.  Chan 
Vought  Corporation 
Dallas,  Texas 


Vought' s  Aircraft  Synthesis  Analysis  Program  (ASAP)  is 
a  computerized  synthesis  model  for  conducting  conceptual 
aircraft  design  and  performance  studies  which  include 
sizing,  costing  and  optimization.  To  provide  ASAP  with 
effectiveness  measures  for  use  in  parametric  design  trade¬ 
offs  (as  inputs  to  the  Optimization  Module),  Vought's  Cam¬ 
paign  Force  Effectiveness  Model  (CFEM)  was  integrated  into 
ASAP. 

CFEM  calculates  the  sortie  rate  capability  of  aircraft 
point  designs,  as  influenced  by  mission  time,  aircraft 
attrition  and  down-time  due  to  combat  damage  repairs  and 
non-scheduled  maintenance. 

Input  parameters  include: 

.  Probability  of  aircraft  loss  inflicted  by  the 
defense 

.  Probability  of  aircraft  damage  inflicted  by  the 
defense 

.  Combat  damage  repair  down-times  and  their  distri¬ 
bution  frequencies 

.  Non-scheduled  maintenance  down-times  and  their 
distribution  frequencies. 

CFEM  also  calculates  force  effectiveness  based  on: 

.  Payload  radius 

.  Number  of  passes  per  sortie 

.  Number  of  sorites  per  day 

.  Expected  number  of  targets  killed  per  pass 

.  Initial  force  size 

.  Number  of  campaign  days 

.  Weather  conditions. 

Outputs  include  a  cumulative  accounting  of  sorties 
generated,  targets  killed,  aircraft  losses,  and  ordnance 
delivered.  The  normalized  effectiveness  measure  (in 
reference  to  equal  force  size  or  equal  program  cost)  is 
passed  over  to  ASAP's  Optimization  Module  as  a  basis  for 
parametric  aircraft  design  tradeoffs. 


d 


The  ASAP/CFEM  methodology  has  been  applied  to  the  USAF 
Advanced  Tactical  Fighter  Program.  The  ability  of  the 
combined  methodology  to  handle  a  wide  range  of  conceptual 
designs,  and  to  establish  successful  point  design  selec¬ 
tions,  demonstrates  the  ASAP/CFEM's  flexibility  and  use¬ 
fulness.  It  is  a  valuable  analytical  tool  for  the 
computer-aided  design  technology. 

This  presentation  is  limited  to  a  discussion  of  the 
CFEM  model  and  its  generation  of  force  effectiveness  as 
the  objective  function  for  the  combined  ASAP/CFEM  inte¬ 
grated  model. 
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rjl  VOUGHT  CORPOilRTIOn 

|S®  an  LTV  company  Dallas 
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Reliability 
Repair  Downtime 


VQUGHT 


VOUGHT 


VOUGHT 

ELEMENTS  OF  THE  OPTIMIZATION  PROCESS 


CONDUCT  SENSITIVITY  ANALYSIS  NEAR 
OPTIMUM 


SELECTION  OF  INDEPENDENT  VARIABLES  vousht 
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2.  DEFINE  RESPONSE  POINTS 


2.  DEFINE  RESPONSE  POINTS 


TRAINT  SURFACES 


TERMS  ARE  AODED/DELETED  TO  MAXIMIZE  CORRELATION 


CONDUCT  SENSITIVITY  ANALYSIS 


INDEPENDENT  VARIABLE 


AIRCRAFT  SYNTHESIS  ANALYSIS  PROGRAM  (ASAP) 
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Repair  Capability: 

-  Repair  Downtime 

-  Repair  Facility  Capacity 


COMBAT  EFFECTIVENESS  MODULE 


COMBAT  EFFECTIVENESS  MODULE  vought 
DATA  REQUIREMENTS 
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TIME  DISTRIBUTION  INPUT  TABLE 

FACILITY  CONSTRAINT  INPUT 
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ASAP/CFEM  Data  Flow 
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W/S  ....  Wing  Loading 

TWC  ....  Threat  Warning  Capability 


VOUGHT 


<  d> 
>  o 

~  CO 
<£  D 

3  2 

d  £ 
z  « 

=  O) 

5  < 

OC  • 

LU 

h 


• 

• 

• 

*» 

(A 

Q 

<D 

</> 

T3 

a> 

o> 

CO 

E 

LU 

O 

O 

CQ 

0) 

c 

.J 

o 

Q 

CO 

•*» 

a> 

c 

c/> 

mmm 

a 

<0 

o 

l_ 

CO 

k. 

o 

k. 

»s 

o 

< 

< 

> 

■D 

*•— 

C 

Z 

o 

o 

CO 

• 

■ 

II 

o 

o 

o 

(/) 

H 

z 

z 

• 

• 

nr 

■o 

TJ 

'Jr' 

v> 

H 

0) 

0) 

V> 

Q 

H 

o 

o 

CL 

CT?-J 

< 

LU 

O 

0> 

CL 

X 

LU 

0) 

a. 

>< 

LU 

ASAP/CFEM  Da 


</> 

(0 

Q. 


Q)  r 
Q  -J 

“•  cc 

XI 

©  oT 

5  tu 

o 

w  < 

©  *o 
O)  O. 

.<5  « 

I-  Q 

®  j;  « 

g-  *■- 

h  >  « 
■-  .  «= 
«*-  DC  c 
0^0 

d  ~  s 
z  "  I 


^  Q) 

2S  O 
7;  C 

CQ  *-> 
Q.  <0 

3  s 

«  O 

£  ? 

2r  «? 

CD  «• 

CL  (/) 


ol 

«.  -a 

<D  CO 
0-0 

CO  2 
I-  Q. 


»b,«c  £  Q 


to  -o 


<  © 

S'* 
®  *5 

~  •* 
©  o> 
Q  -i 

c  c 
o  o 
a  a. 
©  © 
©  © 

£  £ 


CL 

LU  _J 

O  CC 


CD  C 
CD  © 
UJ  > 

2  o 

LU  _ 

>  = 

K  * 
O  O 
LU  h- 
OL  x 
UL  5 
LU 

UJ  g. 
O  J 

£ 

£  ® 

U.  N 

z  00 
a  © 

<  g 

a  o 

s 

o  < 


c 

©  © 
>»  > 
CO  — 

Q  O 

c  « 

O)  >1 

©  -a 

Q.  x 

E  ® 
«  = 
o  * 

o  j2 


^  © 

■o  •“ 
© 

^  c 

o  g 
©  2? 
a.  © 
CD  CL 


Equal  Program  Cost  and  Campaign  Days 


VOUC3WT 


DISTANCE  FROM  FEBA  (L) 


LONG-RANGE  STRIKE  SENSITIVITY  DATA 


Cost  Effectiveness  Comparisons 


1/FOR  SPECIFIED  ZONE,  TARGET  TYPE, 
ENVIRONMENTAL  CONDITION  AND  MOST 
EFFECTIVE  SENSOR/WEAPON  COMBINATION 


VOU6HT 


O  0  O  CD  O 

O  O  O  C3  CD 

O  O  O  O  O 


I  oo  Tf  to  n  n  n  n  ee 

cm  ;  o.  oo  os  •—  w—  co 

r»  O  |  CD  a>  ai  CD  OOCDO 


(0  N  (C 

r-.  co  or 
O)  CO  O) 


•-  i/>  r-  oo 
o  m  co  eo 
•-0  0*01 


co  cr> 


r^o^mcD*- 
o  o  o>  ur>  m 
0  0  0  0)0 
—  *-  o  o  *- 


«—  CD  •-  CT> 
04  OO  CM  O) 
04  O  0)  CD 


o  o  o  *—  «- 


O)  kT  oo 

CO  —  OJ 
O)  OO  CD 


»J  n  rg  cm 

r~s  OJ  CM  CD 

^  05  O)  j  co  cn  ci  •— 

r-'  ri  o  ;  q  o  o  — 


on  cm  o  oo 
•—  «y  to  oo 
*-  o  o)  cn 

•“  O  CD 


cm  .  m  r-i  a*  o 

CD  |  o  co  n  CM 
—  CD  cd  o  o 


«  n  r-  uo  ,  m  oa  cd 
ro  m  ro  ix»  oo  •— 

o>  CD  o)  —  O)  CD  o 


r*»  O)  OO  CD 

n  i  »  <D  cn 

«cr  ui  cr>  ,  <D  cn  cd 


o  «n  o 

A  S  I  25  ° 

P  O)  O)  o  o> 


I  O  D  o 

^  V-  ao  o» 
0  0  0)0) 


5  £  t  t  £  | 

2  £  <  «  «  “ 

i  «  “  5  5  5  * 

<j  —  «t  _  ±  =  J2  £ 

*®k<<  <  2o2 

o  o  u.  u.  u.  u.  SuUi 

«  3  o  o  o*  o>  “  >,  N 

o  l_  k  ec  c;  ec<  u.  <  m 

•J  </>  UJ  UJ  UJ  qZ  UJ  O  {  UJ 

I  c  IS  Ik  Ik  x  >  K 

e  X  333>3uiK^e 
Si-  Z  Z  I*  Z  Z  k  u.  u. 


ACCELERATION  TIME  -  0.15  ?  .0  0  998  1.0  1.0  0.988  0.929  1  0  0.840  1.0  0.826  *1  000 

T01.I.30K _ _ _ _ _ L___J _ _ _ _ _ 

I  I  HELD  CONSTANT 

*  SIZING  CRITERIA 


VOUC5WT 


i*  I 


% 

I 

I 

I 

I 


<0 

c 

o 

’c/> 

3 

o 

c 

o 

o 


--o 

CD  C 
O)  CO 

CD 

—  G  2* 
</)  2*  &  mJZ 

</>  "a  •— 
<D  2  XI 

COO.2 

.i’55  g  £ 

o  o  o 
0^0 

3=  iT  o 

(D  c  *i— 

0)  °  ° 

c  o  03  e 

«B  C  w« 

E  cd  s  c 

V-  >  JQ  c 

•25  j-xi 
a> 

a§  =  ^ 

g*|? 


CD 

O 

c 

(0 

c 


(0 


c 

"D  <0 

£  o 

a>  ^ 

®  “1L 

a  §o 

~  o  . 

s 

C  CD 

a>  o  o 

3  ~  O  ’ 
CT  0  £r 

<d  >  “• 
w  CO  c 
C£  o 

o  ■— 
O  —  o 

3  CD 

.  Q  — 

CD  >  CD 
C  >  ID 

■-  (/)  C 

c  5=  o> 
5  -2  '</> 
°  3 

Z  CD 


CD 

CO 


o 

3 

CD 

O) 

c 

IV 

E 

o 


r  o  «  — 


CD  C  CD 

■irs  c 

S  XI  CD  '3 


CO  -  — 

£  8.E 


CD 

Q. 


"O 

CD 

CD 

3 

CD 

JO 


■8? 

1  = 

9  « 

a>  E 

3  o 

Q. 

EX> 

CD 

U  3 

O  Q. 

O  Q. 

>  CO 

1  § 
*•-  JQ 
CD 

C  CO 
CO  £ 


C  CD  3; 


^  c 

O.  O) 

(/)  CD 
<  "3 


n 

<r* 


435 


Vought’s  aircraft  programs. 


AIRCRAFT  DESIGN  FOR  SURVIVABILITY 
AND  VULNERABILITY 


Jerry  Wallick 
Chairman,  JTCG/AS 
Survivability  Assessment  Subgroup 


NOTE:  Narrative  numbers  refer  to  circled  vugraph 

numbers  (lower  right  corner) 

1.  I  will  be  presenting  a  two  part  briefing  on  the  pro¬ 
cedures  used  in  the  Air  Force,  Aeronautical  Systems 
Division  to  design  aircraft  for  survivability.  Part  I 
addresses  current  procedures  for  specifying  survivability/ 
vulnerability  (S/V)  requirements,  while  Part  II  is  a 
summary  presentation  of  an  initiative  to  revise  our  cur¬ 
rent  procedures  and  make  specifications  tailorable  at  the 
system  level  for  S/V. 

2.  In  Part  I,  I  will  overview  current  procedures  and  give 
some  examples  on  how  the  Air  Force  requirements  for  S/V, 
both  nuclear  and  non-nuclear,  are  arrived  at  and  specified. 

3.  AFR  80-38  is  the  regulation  designating  responsibil¬ 
ities  within  the  Air  Force  for  implementing  the  surviv¬ 
ability  program,  both  technology  development  and  system 
application.  The  regulation  outlines  what  must  be  done 
rather  than  how  to  do  it.  For  the  most  part,  the  Air 
Force  Systems  Command  and  the  subordinte  Acquisition 
Division  (Aeronautical  Systems  Division  for  aircraft)  then 
implement  S/V  programs  on  specific  systems  to  assure  that 
requirements  are  established  and  met. 

4.  AFR  80-38  defines  the  buzz  words  as  shown  here.  I 
would  point  out  that  a  major  problem  for  S/V  engineers 
when  dealing  with  non-S/V  discipline  oriented  engineers 
and  managers  is  the  distinction  between  survivability  and 
vulnerability.  The  best  way  to  make  this  distinction  is 
to  keep  in  mind  that  vulnerability  is  a  subset  of  surviv¬ 
ability,  not  the  inverse  probability.  System  surviv¬ 
ability  must  consider  vulnerability  as  well  as  character¬ 
istics  associated  with  detectability,  tactics,  performance 
(speed  and  maneuverability) ,  and  countermeasures  (active 
and  passive ) . 

5.  Within  the  Air  Force  Systems  Command  the  Weapons  Lab¬ 
oratory  is  designated  as  the  lead  laboratory  for  nuclear 
and  laser  survivability  technology  development.  This 
viewgraph  lists  the  AFWL  responsibilities  in  support  of 
this  technology  development. 


6.  This  viewgraph  summarizes  types  of  threats  and  nuclear 
threat  kill  mechanisms  that  form  the  basis  of  nuclear  sur¬ 
vivability  requirements.  Generally,  nuclear  requirements 
reduce  to  specification  of  hardness  levels  against  the 
listed  threat  mechanisms.  Based  on  postulated  threats, 
missions  of  the  system,  and  availability  of  technology, 
the  S/V  engineer  establishes  hardness  requirements  which 
represent  a  balance  among  the  various  threat  mechanisms. 

7.  Moving  on  to  non-nuclear  S/V  considerations,  this 
viewgraph  depicts  a  simplification  of  the  problem  we 
face.  However,  this  is  precisely  the  procedure  found  in 
captured  North  Vietnamese  foot  solider  manuals  defining 
how  to  shoot  down  U.S.  aircraft  in  Southeast  Asia. 

8.  This  is  the  result  of  following  the  manual. 

9.  The  Flight  Dynamics  Laboratory  is  designated  the  Air 
Force  Systems  Command  lead  laboratory  for  non-nuclear  S/V 
technology  development.  This  viewgraph  outlines  the 
AFWAL/FDL  responsibilities  in  support  of  this  technology 
development . 

10.  Types  of  threats  and  nonnuclear  threat  kill  mechan¬ 
isms,  which  are  considered  in  establisning  non-nuclear 
survivability  requirements,  are  summarized.  However,  since 
non-nuclear  threat  effects  arf  more  point  oriented  (as 
compared  to  area  coverage  of  nuclear  weapons) ,  specifica¬ 
tion  of  hardness  requirements  is  not  sufficient  to  ade¬ 
quately  define  system  survivability  except  in  the  rare 
case  where  mission  requirements  are  such  that  detection, 
tracking,  and  guidance  by  the  threat  are  practically  cer¬ 
tain.  The  examples  of  current  requirements,  shown  later, 
are  for  a  system  that  must  fly  into  the  threat  like  this. 
The  purpose  of  Part  II  of  my  presentation  is  to  outline 
our  apporach  to  addressing  this  problem. 

11  &  12.  These  two  viewgraphs  show  the  AFWAL/FDL  gunfire 
test  facility  at  Wr ight-Patterson  AFB,  Ohio.  In  this 
facility  it  is  possible  to  test  full-scale  sections  of 
aircraft  or  missiles  to  impact  by  single  fragments, 
multiple  fragments,  armor  piercing  projectiles,  and  high 
explosive  projectiles  up  through  23  mm,  under  airflow  con¬ 
ditions  up  to  about  450  knots. 

13.  The  Combat  Data  Information  Center  (CDIC)  is  a 
contractor-operated  repository  for  non-nuclear  combat 
data.  CDIC  is  a  DOD  facility  currently  funded  jointly  by 
the  JTCG/AS  and  JTCG/ME .  A  more  detailed  description  of 
the  CDIC  can  be  found  in  the  brochure  handed  out  at  the 
Workshop  registration  table.  If  you  did  not  get  one  at 


registration,  the  Air  Force  manager  for  CDIC  is  Mr.  Gary 
Streets,  AFWAL/  FIES,  WPAFB ,  Ohio  45433.  The  telephone 
number  is  (513)  255-4840  or  autovon  785-4840. 

14,  15,  &  16.  These  viewgraphs  are  a  series  of  gun  camera 
photographs  showing  an  F-4  aircraft  encountering  an  SA-2 
in  Southeast  Asia.  This  is  an  example  of  one  type  data 
available  at  CDIC. 

17.  Shown  here  are  the  elements  of  a  typical  non-nuclear 
S/V  program  for  a  system.  The  intent  is  to  show  how 
threat,  operational  parameters,  system  vulnerability,  and 
survivability  requirements  are  iteratively  considered, 
analyzed,  and  tested  to  arrive  at  a  "survivable  system." 
Development  of  appropriate  or  adequate  survivability  re¬ 
quirements  can  be  seen  as  a  complex  and,  at  times,  painful 
iteration  of  many  factors  which  may  become  very  subjec¬ 
tive.  As  the  discipline  matures  it  is  hoped  that  some  of 
this  subjectivity  will  be  removed.  Recent  developments  in 
methodology,  data  bases,  and  test  procedures  are  funda¬ 
mental  to  correcting  this  problem,  and  successful  imple¬ 
mentation  of  the  specifications  is  discussed  later  in 
Part  II. 

18.  This  viewgraph  outlines  the  current  procedure  for 
defining  nuclear  survivability  requirements.  You  will 
note  here  that  the  Air  Force  uses  the  Nuclear  Criteria 
Group,  a  general  officer  level  group  at  Air  Staff  level, 
to  define  free-field  nuclear  environments  which  serve  as 
the  basis  for  system  requirements.  As  you  will  recall, 
specification  of  nuclear  S/V  requirements  has  historically 
taken  the  form  of  designing  to  hardness  levels.  Although 
not  a  trivial  task  for  the  designer,  specification  of  the 
requirement  has  been  somewhat  easier  and  more  quantifiable 
than  for  non-nuclear  requirements. 

19  &  20.  These  viewgraphs  are  a  kind  of  checklist  for 
parameters  and  relationships  for  factors  to  consider  in 
establishing  requirements  for  non-nuclear  S/V  system  and 
subsystem  specifications.  As  might  be  expected  from  prev¬ 
ious  comments  on  the  complexity  of  defining  non-nuclear 
requirements,  the  specifications  most  applicable  to  air¬ 
craft  design  are  those  addressing  signatures,  performance 
and  kill  probability  (i.e.,  reducing  the  probability  of 
kill  given  a  hit) . 

21.  Shown  here  are  A-10  design  requirements  for  nonnuclear 
survivability  and  a  summary  of  demonstrated  hardness. 
Shaded  areas  labeled  "demonstrated"  have  been  subjected  to 
testing  at  the  threat  level  specified  or  have  been  analyt¬ 
ically  evaluated  to  assure  that  those  subsystems  have 
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indeed  been  designed  to  withstand  a  single  impact  from 
that  threat. 


22  &  23.  These  viewgraphs  outline  current  analytical 
methods  used  at  ASD  to  assess  aircraft  survivability  and 
vulnerability  and  the  considerations  included.  As  can  be 
seen,  current  methods  use  rather  detailed  level  of  design 
information.  This  is  one  area  where  I  feel  a  considerable 
amount  of  work  needs  to  be  done  in  order  for  survivability 
to  be  fully  integrated  into  computer-aided  design. 

Methods,  data,  and  S/V  engineering  should  interface  with 
conceptual  and  preliminary  designers  to  effectively  make 
S/V  a  "cradle  to  grave"  system  engineering  discipline. 

24.  In  Part  II  of  my  presentation,  I  would  like  to  outline 
a  project  we  are  undertaking  at  ASD,  Deputy  for  Engi¬ 
neering,  which  has  the  potential  to  correct  some  of  the 
problems  we  have  heard  defined  at  this  workshop  by  in¬ 
dustry  regarding  inadequacy  of  definition  of  specific  S/V 
requirements  by  services.  This  project,  although  being 
worked  by  the  Air  Force,  has  been  briefed  at  DOD  level  and 
the  eventual  intent  is  to  put  the  documentation  into  a 
MIL-STD  for  full  coordination. 

25.  The  total  ASD  initiative  encompasses  the  entire  system 
specification  writing  effort,  of  which  the  S/V  document, 
Aeronautical  Systems  Mission  Completion  in  a  Combat 
Environment,  is  one  of  approximately  150  documents,  which 
are  intended  to  replace  over  9100  specifications  and  stan¬ 
dards  now  in  use  by  the  Air  Force  in  writing  and  speci¬ 
fying  system  requirements.  Each  separate  discipline  will 
be  writing  a  MIL-PRIME  document,  in  the  form  of  a  specifi¬ 
cation  or  standard,  stating  requirements  (with  blanks  to 
be  filled  in  as  the  specification  is  tailored) .  It  will 
be  accompanied  by  a  MIL-HANDBOOK  which  is  to  provide  tech¬ 
nical  back-up,  rationale,  and  lessons  learned  for  use  by 
the  engineers  in  tailoring  the  specification. 

26.  This  is  a  list  of  the  concerns  addressed  in  the  draft 
MIL-STD  we  have  developed  for  S/V. 

27.  The  operational  needs  are  addressed  as  primary  and 
secondary  mission  requirements  associated  with  initial  day 
and  subsequent  days  of  the  war.  In  addition,  there  are 
provisions  for  specifying  post-combat  availability,  such 
as  battle  damage  repair  time,  of  several  time  dependent 
categories. 

28.  29,  &  30.  These  viewgraphs  are  excerpts  of  some  of 
the  actual  requirements  of  section  3  and  validation  pro¬ 
cedures  of  section  4  from  the  draft  MIL-STD. 
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31.  Currently  we  have  developed  a  draft  of  the  MIL-STD 
which  is  in  technical  review  by  ASD.  Mr.  Dudley  Ward 
( ASD/ENFTV)  is  identified  as  the  primary  engineer  for  the 
S/V  MIL-STD  and  HANDBOOK.  We  are  approximately  25  percent 
of  the  way  through  development  of  a  draft  HANDBOOK  which 
is  scheduled  for  completion  in  June  1981.  Much  of  the 
information  for  the  HANDBOOK  is  being  derived  from  the 
current  JTCG/AS  S/V  Handbook  and  from  AFSC  Design  Handbook 
2-7.  In  addition,  other  JTCG/AS  and  Defense  nuclear  docu¬ 
ments  are  being  used  as  resources. 

32  &  33.  These  viewgraphs  give  an  indication  of  how  far 
we  have  come  in  the  S/V  area,  particularly  from  the  stand¬ 
point  of  fuel  system  arrangement  and  protection  against 
non-nuclear  threats.  The  DeHavilland  4  was  known  as  the 
flying  coffin.  Ground  troops  were  instructed  to  aim  at 
the  pilot  to  shoot  it  down.  However,  it  was  not  too  crit¬ 
ical  to  hit  the  pilot  since  the  fuel  tank  was  right  behind 
the  pilot  and  as  often  as  not,  aircraft  kill  was  caused  by 
a  fire  or  explosion  of  the  hit  fuel  tank.  As  "contrasted 
to  the  advanced  technology  used  in  the  F-4"  where  (again) 
the  fuel  tank  was  installed  right  against  the  Guy  in  Back, 
again  the  same  problems  existed.  In  the  F-4  we  had  to 
resort  to  accepting  the  penalty  of  parasitic  protection  to 
achieve  "acceptable"  attrition  rates  for  the  aircraft  when 
we  went  to  war. 

34.  I  feel  we  have  had  a  good  three  days  of  interaction 
between  S/V  engineers  and  analysts  and  system  designers 
this  should  set  the  stage  for  further  formal  efforts  to 
integrate  S/V  design  into  the  aircraft  conceptual  and  pre¬ 
liminary  design  cycle.  The  total  team  running  in  the  race 
can  have  extremely  beneficial  payoff  as  opposed  to  the 
brute  force  method  we  currently  use  for  getting  S/V  into 
the  system  as  an  of f-the-track  (more  precisely  off-line) 
or  after-the-fact  fix-up  of  weapon  systems. 


CYCLE  OF  EACH  SYSTEM. 


TERMINOLOGY 


<£ 

m  z; 

<c 

Q-  U-  * 

«r  o  ~~ 


—  u> 


^  *  -> 
to  zo 

«*  ~  4/5 
Z  LU 

U_  o  oc 

o  — • 


>-  — 
CO  u_ 

_  o 


o 

U-  QC  u. 
O  <—  O 

_  >• 


03  •»  M 

**  *—  <c 
Q-  CO  Q.  Z 
<  O  Z  O 
O  ZE  mm  — 

UJ%M 
— .  Q  co 


I  J 

>■  <c 


>-  c  «  Q 

►-  Z  °  ^ 

^  «*  *- 

«  ■*  c 

—•  Q  o  * 


>  H-  (X  ^ 

«  w  w  ^ 
=*  =C  u.  Q 
oc  ►—  u.  c/> 
=»  —  =>♦— 
CO  I*  «/>  m 


-r  oo  ° 

<=>  «£ 

,  «*: 

QC  ^  ^ 

CO  25  >. 

_  o 

—  .  ,  ©  UJ 


UJ  </> 

> —  UJ  OO  2 

CJ  *—  — 

-t  z  ** 

QC  as  ►—  Z 

«t  ^  O  «  UJ 

I  U.  w  u  = 

o  »-  v_>  * 

C  «£  _  o 

w  o:  *  °= 

3T  l9  O  «— • 

UJ 

—  K-  >. 

LU 

J  u.  2  o  * 

>“  k  UJ  ,  UJ 

H-  =  a  " 


QC  CO 
O  25 
SC  O 
_  a. 


-J  o 


UJ  (J  _J 


<  c  tt  V) 

QC  on  =3  ° 

UJ  UJ  o  00  * 

Z  CO  U-  Z  UJ 

— J  ©  QC  UJ  O 

3  <  U  UJ  < 

>  U  Q.  CO  C 


c  o 
I  •- 

CO  UJ 
CO  QC 


Q  O 
ac  a. 
<  X 


NUCLEAR  THREATS 


VERTICAL  RANGE  CAPABILITIES 


BALLISTIC  TESTING 


*r*AL/fi£i/mc  Miw-Mmesott  au  row  mi  on  4s*n 


ASSOCIATE  CONTRACTORS  AGREEMENTS 


AIR  SURVIVAL 


A-10  ANTI-AfRCRAf  IT  RESIGN  (REQUilR€M|ENTS 


ANALYSIS 


m 


Q 

o 

SC 

_ i 

CSC 

1 — 

O 

LU 

<C 

H- 

CSC 

LJ 

=c 

CU 

»— — < 

<L 

sr 

ar 

o 

o 

as 

■— • 

t— 

< — < 

i — 

— < 

oo 

ra 

( _ i 

zrz 

CO 

LU 

LU 

— • 

OC 

1 — 

if.-'Z 

a 

r~~ 

c_> 

LU 

o 

•— . 

Q 

— 

o 

LU 

LU 

H— 

> 

O 

O 

LU 

O 

<x 

C 

LU 

CO 

CO 

1— 

*\ 

CO 

CO 

6-? 

LU 

ca 

cr 

o 

Q 

LU 

_ 1 

LD 

(— 

Ic.C 

LD 

L-> 

LD 

LD 

f— f 

zd 

LU 

sc 

tCct. 

( _ > 

•— * 

>— 

— 

co 

« 

LU 

CO 

CD 

CO 

»— » 

a 

»  ■« 

*— —t 

LU 

o 

o 

cr 

CSC 

> 

Li— 

> 

> 

•fit 

<E 

<c 

- 

. 

. 

* 

t— 1 

CN) 

NO 

■a- 

ERPTS  : 


IMPACT  FROM  MULTIP 


EXCERPTS  -  CO  NT' 


SURVIVABILITY/VULNERABILITY  CONSIDERATIONS 
IN  CONCEPTUAL  DESIGN 

Joseph  A.  Arrighi 
Deputy  Director  of  Engineering 
Fairchild  Republic  Company 
Farmingdale ,  New  York 


SURVIVABILITY/VULNERABILITY  CONSIDERATIONS 
IN  CONCEPTUAL  DESIGN 

Joseph  A.  Arrighi 
Deputy  Director  of  Engineering 
Fairchild  Republic  Company 
Farmingdale,  New  York 


Fairchild  Republic  has  recently  completed  a  USAF/FDL 
contract,  “Survivability  Methodology  for  Aircraft  Con¬ 
ceptual  Design"  (Contract  No.  F33615-78-C-3426) ,  sponsored 
by  the  JTCG/AS.  While  the  scope  of  the  total  contract  is 
outlined  and  some  of  the  methodology  and  results  are 
illustrated,  attention  is  focused  on  Task  I,  and  its  four 
subtasks,  which  is  specifically  appropriate  to  this 
symposium/workshop.  The  conceptual  design  process  is  dis¬ 
cussed,  and  the  role  which  can  be  played  by  the  S/V  ana¬ 
lyst  is  defined.  A  framework  for  introducing  graphics  in 
general,  and  CAD  in  particular,  into  survivability  con¬ 
siderations  is  thus  developed. 
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f  METHODOLOGY  FOR  CONCEPTUAL  DESIGN 
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